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PREFACE TO THE FIRST EDITION 

This book is but little more ijian a collection of tables — those 
which my own experience and the requests from the readers of 
the Engineering and Mining Journal have led me to believe 
are most necessary to the chemist and metallurgist. There is 
no lengthy discussion of processes or apparatus. The field of 
descriptive metallurgy^ is at present too crowded by the monu- 
mental works of Schnabel, Hofman, Roberts- Austen and others, 
to admit of further competition. Certain sections will probably 
be criticized for their brevity, but these treat of those processes 
where there are no tables of constants, and the matter ahust 
either be descriptive or else non-existent. 

In the preparation of these tables I have been constantly 
struck by the divergent values given by different authorities 
for the same constants. While space has usually prevented my 
giving the names of the experimenters and the dates of their 
work, I have attempted to exercise some discrimination in the 
choice between published values, taking into consideration the 
experimenter where known, and so far as available, the methods 
used, and, if I had not the original source, the general character 
of the bonk in which his work was transcribed. 

Yet, on the theory of probability only, the choice cannot' 
always have been a happy one. Again, apart from any 
reliability of the figures as I have found or chosen them, several 
years of sad experience have demonstrated the fallibility of 
compositors and proofreaders. So for all the unknown errors 
of fact, of judgment and of type contained herein, I herewith 
tender apology. And I shall therefore take it as a favor to be 
advised of any errors wMcli the reader may detect, at the same 
time asking his indulgence concerning them. 

Thanks are due the many publishers who have so kindly 
allowed copying from their publications — who they arc can be 
seen from the footnote credits through the book. I must also 
•thank the friends < who have aided me in its preparation: 
Dr. Edward Weston, of Elizabeth, N. J., and W. R. Ingalls, 
II. A. Megraw and Percy E. harbour, of the Engineering and 
Mining Journal. Mr. Megraw contributed nearly all the data 
on ore dressing and cyanidation and Mr. Barbour, besides 
giving some valuable data, checked the page proof from begin- 
ning to end. He is doubtless the only man beside the author 
who will ever read th# entire book. And -more than all is 
appreciation jlue for the many hours of painstaking work*by 
myVife in compiling and checking the various tables, and in 
reading the proofs^ 

« . Donald M. Liddell. 

Elizabeth* N. J., 

February 11, 1916, 
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SECTION l 

MATHEMATICS 


SYMBOLS 

The abbreviations given below will be standard in this book. 
It has been attempted to make them conform to those recom- 
mended by the International Electrotechnical Commission, 
and the current practice of the best edited chemical, physical, 
and mathematical publications. 

A ampere; 1 work (the latter also represented by W) 
a acceleration 
B magnetic flux density 
B, b breadth 

C coulombs; electric capacity; Centigrade temperature 
D electrostatic flux density; depth 
d differential 

7 coefficient of adiabatic expansion, 1.406 approx. 

• A heat; increment 
d partial differential 

Ey e electromotive force; lumens per sq. cm., foot candles 
e base of Napierian logarithms = 2.718281828459 
e dielectric constant 
F factor of safety; farad 1 
/ frequency; force; coefficient of fric^on 
G conductance 

g acceleration due to gravity = 981 cm. per sec. 

H magnetic field; henry 1 
H, h height; head 
7i efficiency 

7, i current; international candle 

i imaginary square root of — 1 ; jn older works, amperes 
•J intensity of magnetization; mechanical equivalent of 
heat, the joule 1 

K absolute temperature (Kelvin) 
k susceptibility 

L self-inductance; lumen-second or-hour 
l length 5 

1 Recommended by the International Electrotechnical Commission for 
use after numerical values. 

3 In dimensional equations, use L, M, T, for length, mass and time. 

1 
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M mutual inductance 
m mass 2 . 

fj, permeability; coefficient of friction 
n number of turns in unit of time 

2ir 

u angular velocity, 

P power; pressure 
p pressure 

ir ratio of circumference to diameter = 3.1415926635897 
Q quantity of electricity 
R resistance; gas constant 
r radius 
p resistivity 
S reluctance 
2 summation 

T absolute temperature; thickness; period 
t temperature, time, 2 thickness 
0, & temperature centigrade 
0 temperature absolute 
V, v velocity, volt 1 
X reactance 
W weight; energy; wktt 1 
w weight 

<p pht*,se displacement 
magnetic flux 
Z impedance 


-h plus, positive 
— minus, negative 
± plus or minus 
= equals or equal to v 
=c= equivalent to 
X multiplied by 
-s- divided by 
> greater than 
~ J < less than 
« var ies as 

(il }J), symbols denoting 

numbers enclosed are con- 
sidered as one expression 
A triangle . 

ir ratio of circumference 
to diameter ® 
log logarithm 
logn log to base “n” 


angle 
O parallelogram 
□ square 
O ^circle 
L right angle 
_L perpendicular to 
° degree, hour 
' minute, foot 
" second, inch 
V « “n ”th root 
a n “n”th power 
2 summation 
- — ' cycle 
A increment 
\ integral 

d partial differential 
= identical 
= approaches 
°° infinity 


ComnSission for use 


a: bmcid, ^ ~ <fis to b as 
c is to d 

ntcoommeHdpd by the International Electrotechnical 
ter numerical values. 

* In dimensional equations, use L, M, T, for length, mass and time. 


Mathematical Symbols 

Z 
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Trigonometric Abbreviations 
# sin bine tan tangent 

cos cosine cot cotangent 

sec decant versin versed sine 

esc cosecant covers coversed sine 

sin -1 0 angle whose sine is 0 sin 9~ l --- — 

sin 9 


A, at alpha 

B, /3 beta 
r,7 gamma 
A, 5 delta 
E,e epsilon 

zeta 
H,ij eta 
0,0 ,t 9 theta 


The Greek Alphabet 


I, i iota 
K ,k kappa 
A,X lambda 

M, m mu 

N, *' nu 

xi 


0,o omicron 
II,7r pi 


P,a rho 
2,s,cr sigma 
T,r tau 
T,u upsilon 
phi 
Xx chi 
4%^ psi 
0,o> omega 


Mathematical Constants 


c = 2.718281828459045 
355 , 

* = (approx.). 

j = 3.14159265358979 
aA = 1.772454 
Tr* = 9.869605 

- = 0.3183102 

7T 

y/~2 = 1.4142136 
-^2 = 1.2599210 
j/.b = 0.7937002 
V 3 = 1.732050§ 


log, 10 = 0.434294 

. 299 , , 

* = jjo (approx.). 

log ir = 0.4971499 
log«x = 2.302585 logiox 
\ = 0.1013212 

7T“ 

y/Z = 1.4422509 
y/ 5 = 2.2360680 
= 1.709976 


Temperature Reduction 

The Fahrenheit scale is based on 212° as the boiling point of 
water at normal pressure, 325 as the freezing point. Its zeri^ 
was formerly supposed to be tjie lowest temperature attainable 
artificially. 

The Centigrade (Celsius) scale assumes the freezing point of 
water as being 0°, the boiling point under normal pressure 
as 100°. 

The Reaumur scale assumes the freezing point of water as 
0°, the boiling point of water as 80°. • 

Ho C.° = R.°; R.° = C.° . 

% (F. ° - 32) - C.°; % C.° + 32 = F.° 

%(F.° - 32) = R.°; % R.° + %2 = F.° 

The equivalent points on the different scales a/e 
0.0° C = 0.0° R. 

-40.0 s * C - -40.0JF. 

-25.6° R = —25.6* F. 
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• Units of Beat 

The British Thermal Unit (B.T.U.^ is the quantity of heat 
required to raise the temperature of 1 lb. of water IT, at or 
near its maximum density (39.1°F.). 

The calorie (cal.) is the quantity of heat necessary to raise 
the temperature of 1 gram of water from 10°C. to 11°C. (some- 
times also defined as T< from 4°C. to 5°C.,” less commonly still, 
from “0°C. to UC.”). 

The kilogram-calorie (Cal.) is 1000 times the above. 

The pounft-calorie is the quantity of heat necessary to raise 
the temperature of 1 lb. of water 1°C. (usually from 4°C. to 
5°C.). • 

1.0 Cal. = 3.968 B.T.U. = 2.2046 lb.-cal. 

1.0 B.T.U. = 0.252 Cal. = 778 ft.-lb. = 1054.6 joules (60°F.) 

1 lb .-Cal. = % B.T.U. =■ 0.4536 Cal. 

Latent heat of a substance is the number of calories required 
to be absorbed to change 1 gram of the substance from a solid 
to a liquid or a liquid to a gas, without change of temperature. 
An equal quantity is given out when the reverse change takes 
place. 

Specific heat of a substance is the ratio of the quantities 
of heat necessary to raise the temperature of equal masses 
of the substance and of water from the same to the same 
temperatifrcs. 

# Scale of Temperatures by Color of Iron 1 


Dark red — hardly visible 970°F. Orange 2000°F. 

Dull red * 1300°F. Yellow 2150°F. 

Cherry — dark 1450°F. White heat 2350°F. 

Cherry — red 1650°F. White welding 2600°F. 

Cherry — light 4 1800°F. White — dazzling 2800°F. 

Standard Thermometric Points 2 

Ice melts 0.0°C. Zinc solidifies 419.4°C. 

Water boils 160.0°C. Sulphur boils 444.6°C. 

Aniline boils I84.4°C. Antimony solidifies 630.5°C. 

Naphthalene boils « 217.9°C. Sodium chloride 

Tin solidifies 231. 9°C. solidifies 884.0°C. 

Benzophenone boils 306.0°C. Silver solidifies 960.5°C. 


Lead solidifies 327. 5°C. Copper solidifies 1083.0°C. 

Weights and Measures 
-Linear Measure — English 
12 in. = 1 ft. 

3 ft. = 1 yd. 

5% vd. or 16Lj ft. = 1 rod or perch. 

320 rods, 1^760 yd., 5280 ft. = 1 mile. 

Also a"numhe£ of miscellaneous units, some of which are obso- 
lete, or obsolescent, others are used by certain trades only. 

1 For tables of melting points, see pp. 20%, 302, 555 and 814«. For Seger- 
oone data see p. 505. • 

* According to the National Physical Laboratory. 
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A point, = }+ 2 in. 

•A line* = H 2 in. 

A barleycorn •= }-i in. 

A palrfi = 3 in. 

A hand = 4 

A span = 9 in. 

A cubit = 18 in. 

A military pace = 30 in. 

A link = Koo chain = 0.66 ft. 

A knot (nautical mile) = 6086 ft. # 

A fathom = 6 ft. (United States) 

A fathom = 6.08 ft. (British) 

1 ell (English) = 45 in. 

l*ell (Dutch) = 1.094 yd. 

• 1 bolt = 40 yd. 

A chain = 4 rods (66 ft.) = 20.11684 meters 

A furlong = mile 

A league = 3 knots 

A cable length = 120 fathoms (United States) 

A cable length = 608 ft. (British) 

An International Geographical mile — ft t equator = 

• 24,3.50.3 ft. 

A British nautical mile = 6,080.4 ft. 


Linear Measure — French 1 

10 millimeters = 1 centimeter 10 dekameters = 1 hektomete? 

10 centimeters = 1 decimeter 10 hektometers = 1 kilometer 

10 decimeters = 1 meter 10 kilometers = 1 myriameter 

10 meters = 1 dekarri eter 

A micron is Ho 00 mm.; a millimicron = Hooo micron; 

1 Angstrom unit = Ho millimicron = 10~ 8 cm. 

Conversion Table, Linear Measure 2 
1 in. = 2.540005 cm. 1 cm. = 0.393700 in. 

1 ft. = 0.3048006 m. 1 m. = 39.3*000 in. = 3.28083 ft. 

1 yd. = 0.9144018 m. 1 m. = 1.09361 yd. «= 0.00062 mi. 

1 mi. = 1.609347 km. 1 km, = 0.62137^mi. = 3280.83 ft. 

The old French measures and their equivalents are: 

1 toise = 1.9490366 m. * 1 pouce = 2.706995 cm. 

1 pied = 0.3248394 rn. 1 ligne = 0.225583 cm. 

1 toise = 6 pieds = 72 pouces = 864 lignes 

1 The decimeter, dekameter, hektometer and myriameter are Beldom used 
as compared with the other measures. When the metric system was de- 
vised the meter was supposed to bo one ten-millionth part of the quadrant 
of $he earth’s surface. However, owing to inaccuracies of measurement, this 
is only approximately true, and the meter must be define^ as the length of 
a standard bar of platinum kept in Paris, when measured at a temperature 
of zero degrees centigrade. 

2 The foot is defined by United States law as feeing 120 % q 37 meters. 
Therefore in the United States 1 meter =■ 39.37 in. exactly. {The* British 
equivalent is, however, 1 m. = 39.370113 in. Apparently the British inch 
and the American inch were intended to be equivalent, but are not, though 1 
have never heard of any notice tseing taken of this fact in commercial trans- 
actions. The value 1 meter = 39.37 in. has befen used in all equivalents in 
this book. 
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Square Measufe — English 

144 sq. in. — 1 sq. ft. 

9 sq. ft. = l # sq. yd. 

30.25 sq. yd. \ _ j j 
272.25 sq. ft. / ~ 1 sq ‘ I0Cl 
160 sq. rd. = 10 sq. chains = 4 roods = l acre 
640 acres — 1 sq. mi. 

1 morgen (So. Af.) = 600 sq. Cape roods = 2.11654 acres 
A squsire of flooring or roofing = 100 sq. ft. 

A section of land «, = 1 mi. sq. = 640 acres 

A township = 36 sq. mi. 

A board foot = 1 f^ square X 1 in. thick 


Square Measure — French 

100 sq. mm. = 1 sq. cm. 

100 sq. cm. = 1 sq. dm. 

100 sq. dm. = 1 sq. in. (centar) 

100 sq. m. = 1 sq. dekameter or ar 

100 sq. dekameters = 1 sq. hektometer (hektar) 
100 sq. hcktomcters = 1 sq. kilometer 
e 


Conversion Table, Square Measure 
1 centar fl[ sq. m.) = 1550 sq. in. = 10.764 sq ft 
= 119.6 sq. yd. 

J . rr = 2.47104 acres. 1 aero = 0.40469 hektar 

i sq. cm. = .15500 sq. in. 1 j u . - q 4515898 sn cm 

1 sq' km ter - O^fi ? 87 M| ' ft ' } sq - a - = 0 092903 sq?'mi.' 

i sq. tm. _ 0.3861 sq. mi. 1 S q mi. =. 2.589998 sq. km. 

Cubic Measure — English 1 * * * * * * 

1728 cu. in. = 1 0 u. ft. 

27 cu. ft. = 1 cu. yd. 

vi = 1 corc ^ 

an n Um I*' °l sq V are timber = 1 load 

a f 0 < u i V- of unhewn^ timber = 1 load 
A board foot = 1 ft. square X 1 in. thick 


AvoirdupoiB 
16 drams (dr.) = l ounce (oz.) 

16 oz. = 1 pound (lb.) 

- 1 hundred-weight (cwt.) s 

= 1 ton 

Troy 

= 1 pennyweight (dwt.) 

= 1 oz. Tr. 


16 oz. 
100 lb. 

20 (fivfc. 


24 grains 


1 20 Iwt. 


To ^ = i oz. Tr. 

12 oz. Tr. = 1 lb. Tr. 

' ,2 Ib. 8 ^ S^Bt'oEie. ®- 
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The Avoirdupois pound = 7(500 grains = 14.5833 oz. Tr. 

The Trby pound = 5760 grains = 13.1657 oz. Avoir. 

The Avoirdupois ounce •= 437.5 grains = 0.9115 oz. Tr. 

1 ton = 29,166.66 oz. Tr. 

1 ton = 0.89287«long ton 
1 long ton =1.12 short tons = 2240 lb. 

(Troy weight is used in weighing gold, silver, platinum, etc. 
In weighing precious stones the metric carat = 200 mg., is 
now used.) 

1 barrel of flour = 8 sacks = 196 lb. 

1 barrel of»pork = 200 lb. 

1 barrel of cement = 4 sacks = 376 lb. 

* : 1 stone = 14 lb. 

W eights — French 

10 milligrams = 1 centigram 10 centigrams = 1 decigram ' 

10 decigrams = 1 gram 10 grams = 1 dekagram 

10 dekagrams = 1 hectogram 10 hectograms = 1 kilogram 1 

100 kilograms = 1 metric qi^ntal 
1000 kilograms = 1 metric ton (tonne) or millier 

Conversion Table, Weight 

1 oz. avoir. = 28.349527 grams 

1 lb. avoir. = 453.5924277 grams 

1 ton = 907.1848554 kg. 

1 gram = 0.035274 oz. avoir. = 0.00220462 lb. 

1 kg. = 35.27396 oz. avoir. = 2.204622341 lb. 

1 metric ton = 1.102311 tons = 0.9842 long tons 
1 grain = 64.7989182 mg. • 

1 dwt. = 1.05517 g. 

1 oz. Troy = 31.1035 g. 

1 lb. Troy = 0.37324 kg. 

1 gram = 15.4324 gr. = 0.64301 dwt. 2 
1 gram = 0.64301 dwt. = 0.03215 oz. Tr. 1 

1 kg. = 32.15074 oz. Tr. = 2X7923 lb. Tr. 

The libra used in Spain, Portugal and Spanish America 
differs slightly from the U. S. pound, ranging from 1.012 in 
Portugal and Brazil to 1.016 in Cuba and Porto Rico. 

The Assay Ton. — A weight used by assayer such that 1 ton 
(2000 lb.): 1 oz. Tr.::l A.T.:1 mg.; i.e., if the assayer weighs 

* When the metric Bystem was devised, it was intended that 1 gram 
should equal the mass of 1 cubic centimeter of water at it# greatest density 
(4°C.) This relation does not exactly hold, and it is necessary to define 
the gram as the one-thousandth part of a standard mass of platinum kept 
in Paris. At 4°C. the mass of 1 oc. of water diffeA so slightly from unity 
that for nearly all calculations no correction is necessary % A Htei*was in- 
tended to be equal to 1000 cc. but was defined as the volume occupied by a 
kilogram of water at 4°C. and 760 mm. pressure. It is therefore equivalent 
to 1000.027 cts. (de L6pinay, Benoit and Buisson.) 

2 A U. S. half dollar weights 12.5 g. 
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out assay tons, each milligram 6f metal recovered represents 

1 Troy oz. 1 

1 A.T. = 29.16667 ferams 
On the English system, ton of 2240 lb. 

1 A.T. = 32.66667 grams 

Apothecaries Weight Apothecaries Measure 

20 grains = 1 scruple ©) 60 minims (ITl) = 1 dram = 

30 =1 dram (5) 0.22559 cu. in. 

8\3 =*1 ounce (55 8 drams = 1 fluid ounce 

12 3 =1 lb. Tr. 16 fl. oz. = 1 pt. 

The apothecaries grain is equal to the ’troy grain; the scruple 
to % of the pennyweight. 

1 gr. = 64.7989182 mg. 13 = 1295.98 mg. 

1 3 = 3887.94 mg. 1 fl. oz. = 29.5729 milliliters 

1 milliliter (1 cc.) = 0.3381 fl. oz. 

Measures of Capacity — English 
Dry Liquid 

2 pt. =1 qt. r 4 gills = 1 pt. 

8 qt. =1 peck 2 pt. =1 qt. 

4pk. = 1 bushel (2150.42 cu. in.) 4 qt. = 1 gal. (231 cu. in.) 
31% gal. = 1 barrel (bbl.) U. &; 

2 bbl. = 1 hogshead (hhd.) double cold 

2 hhd. = 1 pipe 

42 gal. = 1 bbl. (Standard Oil Co.), formerly a 

tierce 

S4 gal. (2 tierces) = 1 puncheon 

An Imperial gnllon contains 277.408 cu. in. 1 
An Imperial buh&el contains J219.36 cu. in. 1 
A quarter contains 8 Imperial bu. 

Note. — It can be segn that the dry quart contains 67% 
cu. in., while the liquid quart contains only 57% cu. in. There 
js therefore no royal road to reducing dry measures to wet 
equivalents, though 5he ratio is dbout 1 : 1% (1.16364). 

1 Imperial gal. = 1.20095 U. S. gal. 

1 U. S. gal. = 0.83267 Imp. gal. 

1 Imp. bu. = 1.03151 U. S. bu. 

1 U..S. bu. == 0.96945 Imp. bu. 

1 gal*, (ale or beer) — 1.2208 U. S. gal. 

1 muid (Cap«) =3% Imp. bu. (approx.) 

1 The Imperial gallon is defined as containing ton Imperial standard pounds 
weight of distilled water weighed in air against brass weights with the water 
and air at the temperature of 62°F., and the barometer at 30 in. While the 
Standards Department of the Board of Trade accepts 277.420 cu. in. as the 
proper conversion value, it has no statutory sanction or legal authority. 
The Imperial bushel is 8 Imp. gal. Nov here in English law is it defined m 
cubic inches. The Board of Trade accept® the value given wjierc a knowl- 
edge of cubic contents is necessary. An Imperial gallon is consequently 
4.6469631 liters. 
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Grains per U. S. gal. X 17A38 = parts per million 

* Grains per Imp. gal. X 14.285 = parts per million 

Parts per million % 0.0583 = grains per U. S. gal. 

Parts per million X 0.700 = grains per Imp. gal. 

Measures of Capacity — French 

1000 cu. mm. = 1 cc. 

1000 cc. = 1 cu. dm. (liter) 

1000 cu. dm. = 1 cu. m. 

In measuring wood, the cubic meter m called a stGr. 

10 milliliters = 1 centiliter 
10 centiliters = 1 deciliter 
10 deciliters = 1 liter 
10 liters = 1 dekaliter 

10 dekaliters = 1 hectoliter 
10 hectoliters = 1 kiloliter 

Conversion Tables, Cubic Measure 


1 cu. in. = 

16.3870253 cc. 

1 cc. = 

0.06102338 cu. in. = 0.0000353 cu. 

1 cu. ft. = 

0.02831677 cu. m. •= 28.3160 liters 

1 cu. m. = 

35.31445 cu. ft. = 1.30794 cu. yd. 

1 cu. yd. = 

0.7G4559 cu. m. 



Liquid Equivalents 

fl. oz. 

= 

29.5729 milliliters 

1 milliliter 

= 

.03381 fl. oz. = 0.061025 cu. 

1 gill 

= 

1.1829 deciliters 

1 deciliter 

= 

0.8454 gills 

1 quart 

= 

0.94633 liters 

1 liter 

= 

1.0567 quart%. 

1 U. S. gal. 

= 

3?785332 liters 

1 dekaliter 

= 

2.6418 gal. 



Dry Equivalent^ 

1 pt. 

= 

0.550599 liters 

1 deciliter 

= 

0.18162 pt. 

1 qt. 

— 

1.10129 liters 

1 liter 

= 

0.90810 quarts 

1 pk. 

= 

0.08810 hectoliter 

1 hectoliter 

== 

2.8378 bu. 

1 bu. (U. S.) = 

0.35238329 hectoliter 

1 bu. (Imp.) = 

0.353677048 

1 kiloliter 

= 

1.3079 cu. yd. * 


Circular and Angular Measure 

60 sec. (") = 1 minute ('> 

60 min. (') =1 degree (°) 

360 deg. (°) = 1 circumference 
In the higher mathematics another uipt is used: 
2w radians = 1 circumference 

1 radian = 57.2957795° - 57° 17' 44.806" 
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Time 


60 sec. = 1 min.; 60 min. = 1-hr.; 24 hr. = 1 day 
365.242218 .solar days = I year 
29 days 12 hr. 44 min. = 1 lunar month 
A seconds pendulum = 39.138 in. = 0.9958 meters in the 
latitude of New York at sea level. 


The period of a pendulum is 
acceleration due to gravity. . 


where l is length, and g the 


Miscellaneous 

20 units = 1 score 24 sheets = 1 quire 

12 units = 1 dozen 20 quires = 1 ream 

12 dozen = 1 gross 2 reams = 1 bundle 

12 gross = 1 great gross 5 bundles — 1 bale 


1 atmosphere = 14.7 lb. per sq. in. = 29.922 in. of mercury = 
33.9 ft. of water 


C.G.S. Units 


The unit of force is the dyne. It is that force which applied 
to a mass of one gram v^ll give it an acceleration of one centi- 
meter in one second. 

The unit of work is the erg. This is the work done by one 
dyne actftig through a distance of one centimeter. The joule 
= 10 7 ergs. 

A calorie is the heat necessary to raise the temperature of 
1 gram of water from 0°C. to 1°C. 1 

A great calorie (Caloric) is the heat necessary to raise the 
temperature of 1 kg. of water from 0°C. to 1°C. 1 


Unit 

Erg * 

Joule 

, 

Kilogram- 
meter 
(g - 
980.663) 

Calorie 

Small 

calorie 

Erg 

i • 

10-’ 

1 0197 

2 39011 

2.39011 




X 10 8 

XlO-u 

xio- 8 

•uloulo 

• 10T 

1 , 

0. 10197 

2 39011 

2.39011 





X10-4 

xio-i 

Kilogram-meter 


• 




(g. = 980.665). . 

980.663 

9 807 

1 

2.3446 

2.3446 


XIOfe 



X10-3 


Caloric . . 

418.6X10 8 

4186 

426 . 5 

1 

1000 


The unit magnetic mass or pole is such that placed at a 
distance of one centimeter from an identical mass, it exercises 
a repulsion equal to 1 dyne. c 

The permeability is the ratio of flux density to magnetic 
intensity. 

The unit of electftc current in the C.G.S. system is a current 
that exerls a force of one dyne on a unit magnetic pole placed 
at the center of an arc of the circuit, 1 cm. long, and 1 cm. 
radius. The practical # unit is the afhpere (see below), which is 
one-tenth the C.G.S. unit. 

1 Sometimes also defined at 4 to 5°C ; by a few writers as from 10 to 11°C. 
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The C.G.S. unit of quantity is the quantity which in one 
second is* conveyed by a C.G.S. unit of current. The practical 
unit is the coulomb, the quantity of current passing per second, 
in a current carrying one ampere. It is one-tenth the C.G.S. 
unit. 

The C.G.S. unit of potential difference or electromotive 
force is the potential difference which exists between two points 
of a conductor conveying a unit current when one erg or work 
is done per second. The practical unit is the volt (see below) 
= 10 8 X the C.G.S. unit. 

C.G.S. unit of resistance is the resfetance possessed by a 
conductor through which a unit e.m.f. causes a unit current to 
flow. The practical utiit is the ohm (see below) = 10 9 X the 
C.G.g. unit. 

■ The C.G.S. unit of capacity of a condenser is that capacity 
which gives a unit potential difference between the coatings 
when either coating has a unit quantity of electricity. The 
farad is the practical unit and equals i0“ a times the C.G.S. 
unit. 

A Gauss is the unit of field strength, the intensity of field 
which acts on a unit pole with a force of one dyne. A unit 
magnetic pole has 4?r lines of force jyoceeding from it. It is 
equal to gilberts per centimeter length. Gausses = maxwells 
-5- area. 

A Maxwell is the unit of magnetic flux, the amount eff magnet- 
ism passing through every square centimeter of a field of unit 
density. The weber is 1,000, (X)0 maxwells. If a conductor 
cuts a magnetic field so that one volt is induced, 100,000,000 
maxwells are cut per second. 

A Gilbert is the unit of magneto-motive force, the amount 
produced by ^ = 0.7958 ampere turns. The m.m.f. of a coil 

is 1.2566 times the ampere turns. <t> = flux in maxwells. 

Reluctance is that quantity in a magnetic circuit which limits 
the flux under a given m.m.f. It corresponds to the resistance 
in the electric circuit. 

The Oersted is the unit <jf magnetic reluctance, it is th<^ 
reluctance of a cubic centimeter of an air-pump vacuum. 

Inductance is the property* of a circuit which opposes any 
change in current flowing by inducing a counter-electromotive 
force in the circuit at the time the current is qhanging. The 
practical unit is the henry (see below) = 10 9 X the C.G.S. 
unit. 

PRACTICAL ELECTRICAL UNITS 

Ohm — unit of resistance. The Internationa? Ohm 1 is the 
resistance offered to an unvarying electric current by a column 

1 The true ohm ( = 10® electromagnetic C.G S units) is apparently the 
resistance of 106.29 cm. of mercury 1 sq. mm. in section? The 1884 legal 
ohm = 0.9972 int'l. ohms. The B.A ohm = 0.9866 int’l. ohm. 

A Joule is Almost equal to the*energy expended m one second by an inter- 
national ampere in an international ohm. * 
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1 chih (China) 

1 oho (Japan) 

1 ouadra (Argentine) 

1 dessiatine (Russia) 

1 dhraa (Morocco) 

1 doli (Russia) 

1 dulme (Russia) 

1 fanega (Argentine) 

1 fen (China) 

1 fen (sq.) (China) 

1 fod (Denmark) 

1 franco (Argentine) 

1 funt (Rusina) 

1 fuss (Austria) 

1 go (Japan) 

1 hao (China) 

1 sq. hao (China) 

1 jo (Japan) 

1 ken (Japan) 

1 kin (Japan) 

1 koku (Japan) 

1 kwan (Japan) 

1 kup (Siam) 

1 legua (Brazil) 

1 li (China) 

1 liang (China) 

1 lima (Russia) 

1 lyi (China) 

1 manzana (Costa Rica) 

1 mare (Bolivia) 

1 maund (Bengal) 

1 maund (Bombay) 

1 maund (Madras) 

1 meou (China) 

1 mil (Denmark) 

1 milla (Nicaragua, Honduras) 

1 momme (Japan) 

1 morgen (Cape) 

1 muid (Cape) 

1 pie (Argentine) 

1 pie (Spain) 

1 pikul (Borneo, Java) 

1 pikul (China, Str Sett.) 

1 pikul (Japan) 

1 pikul (P. I ) 

1 pipa (Brazil) 

1 pood (Russia) 

1 pulgada (Argentine) 1 
1 quintal (Argentina) 

1 quintal (Bolivia, Chile, Colombia, 
Rep., Spain) 

1 quintal (Brazil) 

1 quintal (Costa Rica) 

1 quintal (Syria, Jurkey) 

1 ri (Japan) 

1 ri (marine) (Japan) 

1 rode (Denmark) 

x vji-unma; 

1 sashen (Russftt) 

1 shaku (Japan' 

1 sheng (China, 

1 sho (Jaijan) 

1 sun (Japan) 

1 tan (Japan) 

1 tch’e (China) 

1 tohetvert (Russia) 

1 to (Japan) 

X ts'onen (China) 


» 1.049867 ft. 

= 357 9x6 ft/ . 

= 4.2 acres 
= 2.6997 acres 
= 22 48 in. * 

: 0.685 grains 
■ 1 in. 

= 3.89 bu. 

* 0 12598 in. 

= 0.015182 acres 

- 1 03 ft. 

= 2 . 5096 quarts 

- 0.9028 lb. = 409 grains 

- 1 . 0366 ft. 

= 1.270506 gill liquid = 
0.0198517 peck dry 
= 2 5715 ft. 

- 0 00015181 acres . 

- 3 31404 yd. 

- 1 983427 yd. 

- 1 32277 lb. Avoir. 

= 39 7033 gal. liquid = 
4 96291 bu. dry 
= 8 26733 lb. Avoir. 

= 10 in. 

= 4 102 miles 
= 0 012598 in. 

= 1 31561 oz. Avoir. 

= 0 1 in. 

= 0 0015181 acres 

- 1 625 acres 
= 0 507 lb 

= 82 2855 lb. 

= 28 lb. 

= 25 lb. 

* 0 15182 acres 
= 4.68 mi. 

= 1 . 1493 miles 
= 2.4123045 dwt. 

= 2.11654 acres 
= 3J4 Imp. bu approx. 

= 0 9478 ft. 

= 0 91407 ft. 

= 135.6354 lb. 

= 133 Mi lb. 

= 132 277 lb. 

- 139 485 lb. 

= 1 . 648 quarts 

- 36 1128 lb. 

= 0 947 in. 

= 101.28 lb. 

Dormn. 

= 101.4 lb. 

= 129 526 lb. 

- 101.465 lb. 

= 125 lb. 

= 2 440338 mi. 

- 1.1506873 mi. 

= 12.36 ft. 

= 7 ft. 

= 71b. 

= 11 9305424 in. 

= 2 7354 liq. gal. 

* 1.5881325 qt liquid = 
0 1985166 pecks dry 

= 1 . 1930542 in. 

= 0.24507 acre 
= 12.598 in. 

- 117,600 sq. ft. 

- 3.9703313 gal. liquid 
3 1 . 2598 in. 
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1 tsubo (Japan) 

1 vara (Argentine) 
1 v*a (Brasilian) 

1 vara (Bolivian) 

1 vedro (Russia) 

1 verchok (Russia) 
1 verst (Russia) 

1 zar (Persia) 

1 zolotnik (Russia) 


- 3.053829 Bq. yd. 

- 34.1208 in. 

- 1 . 215 yd. 

- 0 927 yd. 

= 300 2 cu. in. 

= 1.75 in. 

- 3500 ft. 

= 40.9 in. 

= 668 grains 


UNITED STATES AND FOREIGN MONEY 


(The following figures are based on the gold standard only 
and do not include exchange.) ® * 

1 oz. of gold = $20 67183 = €4 24773 = £4 4s. 11 V 2 d. 

Argentina (gold) 1 peso a = $0.9648 = 100 centavos 

Argentina (paper) 1 peso = 0.4246 = 100 centavos 

Austria 1 schilling = 0.1407 = 100 heller 

Belgium 1 belga = 0.13904 = 100 centimes 

Bolivia 1 boliviano = 0.3893 = 100 centavos 

Brazil 1 nnlrcis = 0.5463 = 1000 reis 

Ceylon 1 rupee = 0.32143 = 100 cents 

Czechoslovakia 1 crown = 0.203 

Chile 1 peso = 0 12165 = 100 centavos 

China 1 Haikwan tael = oz. avoir of silver = 10 mace 

Columbian Rcp’b. 1 peso = 0.9733 -= 100 centavos 

Costa Rica 1 colon = 0.4654 = 100 centavos 

Denmark 1 krone = 0.268 = 100 ore 

Ecuador 1 sucre = 0 4867 100 centavos 

Egypt 1 pound (£E) = 4.943 = 100 piastres = 1000 milliemeB 

Finland 1 tin in ark = 0.025185 

.France 1 franc = 0 0395 = 100 centimes 

Germany 1 mark = 0 238 = 100 pfennig 

Great Britain 1 pound (£) = 4.8665 = 20 shillings = 240 pence 1 

Greece 1 drachma = 0.193 = 100 lepta 

Guatemala l peso = 0.965 = 100 centavos 

Haiti J gourde = 1.00 = 100 centimes 

Holland 1 florin = 0 402 

Honduras 1 peso = 0.3979 = 100 centavos 

Hongkong 1 dollar = 0 463 = 100 cents = 1000 cash 

Hungary 1 pengo = 0.1749 = 100 filler 

India 1 rupee (Its.) = 0 365 if Hi annas — 192 pies 2 

Italy 1 lira * = 0.052631 = 100 cent< simos 

Japan 1 yen = 0 498 = 100 sen = 1000 rin 

Mexico 1 peso = 0 498 = 100 centavos 

Netherlands 1 guilder = 0 0402 =,100 cents 


Nicaragua 

1 peso 

= 

0 965 

= 100 centavos 

Norway 

1 krone 

= 

0 268 

= 100 ore 

Panama 

1 balboa 

— 

J 00 

= 2 silver pesos 



= 

200 eentisinios 

Paraguay 

1 peso 

= 

Q 04 

= 100 centavos 

Persia 

1 kram 

= 

0. 193 

= 100 shahi 

Peru 

1 libra (£P) 


4 . 8665 

-= 10 dinero = 100 centavos 

Philippine Is. 

1 peso 

= 

0 . 50 

= 100 centavos 

Poland 

1 zloty 

= 

0 1122 


Portugal 

1 escudo 

= 

1 . 0805 

= 1000 reis 

Roumama 

1 leu 

ss 

0.193 

= 100 bani 

Russia 

1 ruble 

= 

0.515 

= 100 kopecks 

Uussua (Soviet) 

1 chervonetz 

= 

5.14 

• 

Salvador 

1 peso 

= 

0.3978 

= 100 oentavgp 

Spain 

1 peseta 

= 

0.193 

= 100 ccntisimos 

Straits Settlements 1 dollar 

= 

0.5677 

= 100 cents 

Sweden 

1 krona 

*= 

0 . 268 

= 100 *re 

Turkey 

1 pound (£T) 

= 

4.40 

= 100 piasters = 4Q00 ^paros 

Uruguay 

i peso 

= 

1.0342 

= 100 ccntavas 

Venezuela 

1 bolivar 

= 

0. 1930 

100 centimos 

Yugoslavia • 

1 dinar 

f 1 

0.193 



1 5 shillings = 1 crown; 21 sh. = 1 guinea; 4 forth ings = 1 penny (d.) 

2 A lakh = 100,000 rupees; a crore = 10,000,000 rupees. 
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FINENESS PF COINAGE 1 







c 

835 


900.0 

900 

Austria-Hungary. . 

900.0 

900.0 

900,835 

900,835 


900 

Brazil + 

oin.o 

900.0 






800 

Chile 

916.0 

500 


900,866,820 


900.0 

900 i 83 5 
900,835 
800 


900.0 


900.0 


900.0 



900.0 





925 

Denmark 

900.6 

S00, 600,400 

Dominica 

900,835 
720 
* 900 

Dutch East Indies 
Ecuador 

000.0 

Egypt 

875.0 

833 . 3 

Finland 

900.0 

868,750 

France . 

900 0 

900,835 

900 

925 

900,835 

Germany .... 

Great Britain 

Greece 

900.0 

916.0 

900 . 0 

Guatemala 

900.0 

900,835 

Havti 

900.0 

900,835 

Holland 

900.0 

945.640 



Country 

Gold 
coin i 

Silver 

coin 



900 

Honduras (British) 


925 

Hongkong 


800 

India 

916.6 

016.6 

Italy 

900.0 

900,835 

Japan 

900.0 

800 



800 



902 . 7,800 



900,835 

925 

Newfoundland. . . . 

916.6 

Nicaragua 


• 800 
800,600.400 

Norway 

900.0 

Panama 

900.0 

900 

Paraguay 


900 

Persia 

900.0 

900 

Peru 

916.6 

900 

Portugal, 

916.6 

916.6 

Roumama 

900.0 

900,835 

Russia 

900.0 

900,500 

Salvador 

900 0 

900,835 

S or via 

900.0 

900,835 

Siam 


900 

South Africa 

6ie 6 

925 

Spain 

900.0 

900,835 

S weden 

900 0 

800,600,400 

Straits Settlements 


900,800 

Switzerland 

900 .0 

900.835 

Turkov 

916 6 

830 

United States.. . 

900.0 

900 

Uruguay . . 


900 

Venezuela 

oooio 

900,835 


« ALGEBRA 
Powers and Roots 
According to the bkmomial theorem 

(« 4- b) K = a K + Ka K ~ 1 b -f ” ^a K ~ 2 b 2 -f 


K{K - 1 ) • 
i ■ 2 • 3 


K(K -!)■•- *a 2 b K -* 


1 • 2 - 3 

~(K - i) ahk ~ l + hk 


(K - 2 ) 


+ 


This formula will seive for the solution of any power what- 
ever, and will, in general, serve to indicate the process of* the 
extraction of roots. However, for all practical work on roots 
and powers, use t^e table of logarithms on p. 42. 

log aK ~ k log a 
' ( log Va=}°l a 

1 T. K. Hose, "Precious Metals.” 
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Permutation, Choice and Chance 
*The dumber of different arrangements (or permutations) 
of n different things takefi altogether is factorial n. 

(ra! or ]n = n(n — l)(n — 2) ■ • • 3X2X1) 

The number of different selections (or combinations) of n 
different things taken r at a time is: 

n(n — l)(n — 2) ■ • • (n — r + 1) 

- 

The number of selections of n things "taken r at a 3 time is the 
same as the number of selections of n things taken n — r at a time. 

The number of selection of n things taken r at a time is 
greatest when: If n is an odd number, 



if n is an even number 



The chance of an event happening is expressed by the frac- 
tion of which the numerator is the number of favorable ways, 
and the denominator the whole number cf ways, favorable and 
unfavorable. 

If there are several events of which one, and onl^P one can 
happen, the chance that one will happen is the sum of the 
respective chances of happening 


Progression 

The chief “ progressions ” are arithmetical, geometrical, and 
harmonic. They are series of numbers in which a common law 
connects the successive terms. 

Arithmetical progression in a series' ^bf numbers consists in a 
constant difference between the successive terms, as 
1, 3, 5, 7, 9, . . a 

Let a = first term; l = last term; d = the common difference; 
n — the number of terms; 6* = a thc sum of t^he terms. 

7 , / .x , 2 s s . ( n — l)d 1 , , 

n n 2 2 


* = |[2o + (» - l)rf] = \{l + a) 

a = l - (n - X)d = -* - l « * - 
n n 



\j 2ds + (° - 1) 2 

2 1 - (n - l)dj = 
l_+ a-/ d + l — a\ 

2 V d~ ) 


(n - 1)<? 



o 


y[(l+iy-2ds 


2 
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l - a 2(8 - an) _ l 2 *- a 2 = 2 ( nl - s) 

d ~ n- 1 “ ~n(n - 1) 2s - l- % n(n - l) 

l — a 2s _ d — 2 a ± y/ ( 2 a — ri) 2 Hh M s _ 

w = “T" + 1 = i^h'a " 2d 

2 1 + d ± y/ (21 + d ) 2 - 8ds 
2d " 


Geometrical progression in a series of numbers consists in a 
constant r&tio existing between the successive terms, as 
4, 8, 16, 32, . . . 

Let a = first term; l = last term; ra' = any (middle) term; 
s = sum ; r = ratio or constant multiplier. 

, , a -b (r — 1)* (r — l).sr w-1 

Z = ar" -1 = = - — — 

r r n 1 


5 

a 

r 


m — ar m 1 


a(r n — 1) _ rZ — a 
~ r - 1 ~ r - 1 


Z 



(r - l)s 

yW— ] 

_ .s — a 
” * - Z 


= rl 


71 y/l n — n y/ a n 

'"^Vl ~^Va 

- (r - 1)5 


lr n - l 

L 


S i 

r + 
a 





Harmonic series is one in which the numbers are the recipro- 
cals of those forming an arithmetical progression. Such series 
are of small practical value, and such Questions as arise in them, 
when solvable, are best answered by inverting the series, and 
solving as a problem ii^ arithmetical progression. In ancient 
times a fictitious importance was attached to them owing to the 
fact that a series of rods of uniform cross-section having lengths 
in harmonic progression forms a ‘musical scale, hence the name. 

INTEREST, ANNUITIES, SINKING FUNDS 
Simple Interest 

If the principal be represented by P 
the interest on $1 for one year by r 
the amoust of $1 for one year by R 
,the number of years by n 

the amount of P after n years by A 
Then R — 1 + r 

Simple interest on P for one year = Pr 
Amount of P for one year = PR 

Simple interest on P for n years = Pnr 
Amount P for, n years 1 = P( 1 42 nr) 

that is A = P(1 4- nr) 
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When any three of the quantities A , P, n, r, are given, the 
fourth may be found from this last equation. 

Since P will in n years at r interest amount to A y P inay be 
considered equivalent in value to A at the end of n years; in 
other words, P is the “present ^vorth” of A. 

Compound Interest 


When compound interest is reckoned payable annually. 
The amount of P dollars in 

1 year is P(1 + r) = PR 

2 years is PR( 1 + r) = PR 2 

n yeaVs = PR n 

or A = PR » or P ~ Rn 

When compound interest is reckoned semi-annually. 
The amount of P dollars in 


H year is P^ 1 + 0 

1 year is P^l+0 

n years, A = P^l + 0 
When the interest is payable quarterly 



When the interest is payable monthly 



And when the interest is payable q times a year 



Sinking Funds 

If the sum set apart at the end of each year to be put at 
compound interest be represented by S, then, the sum at the 
end of the 

first year = S 

second year = S 4* SR 

third year = S -j- SR + SR 2 

nth year = S -j- SR + SR 2 * * * SR”" 1 

A = S + SR + SR 2 • • • + SR”" 1 

.-. AR = SR + SR 2 ■ ■ • A^SR”" 1 + $R», 

.-. AR — A — SR” — S 

. A = S( R* - 4) = s (Rl-A} 

R — 1 T 
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Compound Interest and Discount Tables. Continued, 


Y&rs 

| Four per cent. 

f 

Five per cent. 


Ain’t 
of $1 
in n 
yrs. 

Present 
val. of 
SI due 
in n 
yrs. 

Ain’t 
of $1 
per 

annum 
in n 
yrs. 

Present 
valjtof 
$1 annu- 
ity for n 
yrs. 

Am’t 
of SI 
in » 
yrs. 

Present 
val. of 
SI due 
in n 
yrs. 

Am*x 
of SI 
per 

annum 
in n 
yrs. 

Present 
val. of 
SI an- 
nuity 
for n 
yrs. 

1 

SI. 040 

9015 

1.04 

1.000 

$1,050 

.9524 

1.05 

1.000 

2 

1.08# 

.9246 

2, 12 

1.962 

1.103 

.9070 

2.15 

1.952 

3 

1.125 

.8890 

3.25 

2.886 

1.158 

.8638 

3.31 

2.859 

4 

1.170 

.8548 

4.42 

3.775 

1.216 

.8227 

4.53 

3.723 

5 

1.217 

.8219 

5.63 

4.630 

1 .270 

.7835 

5.80 

4.546 

6 

1.265 

.7903 

6.90 

5.452 

1.340 

.7462 

7.14 

5.329 

7 

1.316 

.7599 

8.21 ‘ 

6.242 

1.407 ; 

.7107 

8.55 

070 

8 

1.369 

.7307 

9.58 

7.002 

1.477 

.6768 

10.03 

6.786 

9 

1.423 

.7026 

11.01 

7.733 

1.551 

.6446 

11.58 

*7.463 

10 

1.480 

.6756 

12.49 

8.435 

1.629 

.6139 

13.21 

8.108 

U 

1.539 

.6496 

14.03 

9.111 

1.710- 

.5847 

14.92 

8.722 

12 

1.601 

.6246 

15 63 

9 . 760 

1 . 796 

.5568 

16.71 

9.300 

13 

1.665 

.6006 

17.29 

10.385 

1.886 

.5303 

18.60 

9.863 

14 

1.732 

.5775 

19 02 

10.986 

1.980 

.5051 

20.58 

10.394 

16 

1.801 

.5553 

20.82 

11.563 

2.079 

.4810 

22.66 

10.890 

16 

1.873 

. 5339 

22.7b 

12.118 

2.183 

.4581 

24.84 

11.380 

17 

1.948 

.5134 

24 . 65 

12.652 

2 . 292 

.4363 

27.13 

1 1 . 838 

18 

2.026 

.4936 

26.67 

13 166 

2.407 

.4155 

29.54 

12.274 

19 

2.MD7 

.4746 

28 78 

13.659 

2.527 

.3957 

32.07 

12.690 

20 

2.191 

.4564 

30.97 

14.134 

2.653 

.3769 

34.72 

13.085 

21 

2.279 

.4388 

33 25 

14.590 

2.786 

. 3589 

37.51 

13.462 

22 

2.370 

.4220 

35 . 62 

15.029 

2 925 

.3419 

40.43 

13.821 

23 

2.465 

.4057 

38.08 

15.451 

3.072 

.3256 

43.50 

14.103 

24 

2.563 

.3901 

40.65 

15 857 

3 225 

.3101 

46.73 

14 489 

26 

2.666 

.3751 

43.31 

16.247 

3 . 386 

.2953 

50.11 

14 . 799 

26 

2.772 

.3607 

46 08 

16.622 

3.556 

.2812 

53 . 67 

15 094 

27 

2.883 

.3468 

48.97 

16 983 

3 733 

. 2678 

57.40 

15.375 

28 

2.999 

.3335 

51.97 

17 330 

3 920 

.2551 

61.32 

15 643 

29 

3.119 

.3207 

55 OB 

17.663 

4. *16 

.2429 

65.44 

15 898 

30 

3.243 

.3083 

58 . 33 

17.984 

4.322 

.2314 

69.76 

16.141 

31 

3.373 

.2965 

61.70 

18.292 

4 . 538 

.2204 

74.30 

16 372 

32 

3.508 

.2851 

65. Cl 

18.588 

4.765 

.2099 

79.06 

16 593 

33 

3.648 

.2741 

68.86 

18.874 

5.003 

.1999 

84 07 

16 803 

34 

3.794 

.2630 

72 65 

19 148 

5 . 253 

. 1904 

89.32 

17.003 

35 

3.946 

.2534 

* 76 . 60 

19. 4M 

5.510 

• 1813 

94.84 

17.193 

36 

4.104 

.2437 

80.70 

19.665 

5.792 

.1727 

100.63 

17.374 

37 

4.268 

.2343 

84.97 

19.908 

6.081 

.1644 

106.71 

17.547 

38 

4.439 

.2253 

89 41 

20.143 

6 . 385 

.1566 

113.10 

17 711 

39 

4.616 

.2166 

94.03 

20 . 368 

6.705 

.1491 

119.80 

17.868 

40 

4.801 

.2083 

98.83 

20.584 

7.040 

.1420 

126.84 

18.017 

41 

4.993 

. 2003 

103.82 

20.793 

7.392 

. 1353 

134.23 

18.159 

42 

5.193 

.1926 

109.01 

20.993 

7.762 

.1288 

141.99 

18.294 

43 

5.400 

.1852 

114.il 

21.186 

8.150 

.1227 

150.14 

18.423 

44 

5.617 

.1781 

120.03 

21.371 

8.557 

.1169 

158.70 

18/*546 

45 

5.841 

C 1712 

125.87 

21.549 

8.985 

.1113 

167 . 69 

18.663 

46 

6.075 

. 1646 

131.95 

21.720 

9.434 

.1060 

177.12 

18.774 

47 

6.318 

. 1583 J 

138.26 1 

21.885 

9.906 

.1009 

187.03 

18.880 

48 

,6.571 

.1522 

144.83 

22.043 

10.401 

.0961 

197.43 

18.981 

49 

6.833 

*1463 

151.67 

22.195 

10.921 

.0916 

208.35 

19 077 

50 

7.107 

.1407 

158.77 

22.341 

11.467 

.0872 

219.82 

19.169 
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Compound Interest And Discount Tables 


« 

& 


Six per cent. 

• 

• 

E 

ei 

(U 

K* 

Six per cent. 

Ain't 
of 91 
in n 
yrs. 

Present 
val. of 
SI due 
in a 
yrs. 

Am’t 
of $1 
per 

annum 
in n 
yrs. 

Present 
val. of 
91 an- 
nuity 
for ft 
yrs. 

Am’t 
of $1 
in 7i 
yrs. 

Present 
val. of 
91 due 
in n 
yrs. 

Am’t 
of 91 
per 

annum 
in n 
yrs. 

Present 
val. of 
91 an- 
nuity 
for n 
yrs. 

1 

sn 

.9434 

1 06 

1.000 

26 

4 . 549* 

.2198 

• 

62.71 

13.783 

2 

1.124 

.8900 

2 18 

1.943 

27 

4.822 

.2074 

67.53 

13.003 

3 

1.191 

.8396 

3 37 

» 2 . 833 

28 

5.112 

. 1956 

72.64 

14.211 

4 

1.262 

.7921 

4.64 

3.673 

29 

6.418 

.1840 

78.06 

14.406 

5 

1^338 

.7473 


4.465 

30 

S.J43 

.1741 

83.80 

14.591 

6‘ 

1 .419 

.7050 

7.39 

5.212 

31 

6.088 

.1643 

89.89 

14.765 

7 

1.904 

KMl 

KKIil 

5.917 

32 

6.453 

.1550 

96.34 

14.929 

8 

1.594 

.6274 

10.49 

6.582 

33 

6.841 

.1462 

103 18 

15.084 

B| 

1.689 

.5919 

12.18 

. 7.210 

34 

7.251 

.1379 

110.43 

15.230 

10 

1.791 

.5584 

13.97 

7.802 

35 

7.686 

.1301 

118.12 

15.368 

11 

1.898 

.5268 

15.87 

8.360 

36 

8.147 

.1227 

126.27 

15.498 

12 

2.012 

.4970 

17.88 

8.887 

37 

8.636 

.1158 

134.90 

15.621 

13 

2.133 

.4088 

20.02 

9 . 384 

38 

9.154 

.1092 

144.06 

15 737 

14 

2.261 

.4423 

22 . 28 

9.853 

39 

9.705 

.1031 

153.76 

15.846 

15 

2.397 

.4173 

24.67 

10.295 

40 

10.286 

.0972 

164.05 

15.949 

16 

2.540 

.3936 

27.21 

10.712 

41 

10.903 

.0917 

174. 9% 

16.046 

17 

2.693 

.3714 

29.9.1 

11.106 

42 

11.557 

.0805 

186.51 

16.138 

18 

2.854 

.3503 

32.70 

11.477 

43 

12 250 | 

.0816 

198 . 76 

16 225 

19 

3.026 

.3305 

35.79 

11.828 

44 

12.985 

.0770 

211.74 

16.306 

20 

3.207 

.3118 

38.99 

12.158 

45 

13.765 

.0727 

225.51 

16.383 

21 

3.400 

.2942 

42.39 

12.470 

46 

14.590 

.0685 

240.10 

16.456 

22 

3.604 

.2775 

46.00 

12.764 

47 

15 466 

.0647 

255.56 

16.524 

23 

3.820 

. 2G18 

49.82 

13.042 

48 

16 394 

.0010 

271 .96 

16 . 589 

24 

4.049 

.2470 

53 80 

13.303 

49 

17.378 

.0575 

289 . 34 

16.650 

25 

4.292 

.2330 

58.16 

13.550 

50 

18.420 

.0543 

307.76 

16.708 


These tables are an abridgement of the seven-place tables in “ Annuaire pour 
Pan 1913,” published for the Bureau of Longitude^ by Gauthier- Villare, Quai 
des Grands-Augustins, 55; Paris, France. 

Bond Interest. — The true return on a.bond is not the interest rate divided 
by the purchase price, for if the bond paid at par at maturity, the discount 
is earned if the bond was purchased below pur. while if it was purchased above 
par, the premium must be amortized. Jf P is the'price of a bond with n years 
to run; & the face of the bond, q the rate of interest current (expressed as a 
decimal) ; r the stipulated rate of the bond (as a decimal, .05, .06) ; x the in- 
terest on the investment, 

for annual payments 1 +■ x ■= — — ~~~ ^ j 

fs/( S -rf+r(l + §-)’■} I 7 " 
iof semiannual payments 1 + a;— ~p ft J 








24 METALLURGISTS AND CHEMISTS’ HANDBOOK 


Annual Investment Table 1 

The sum of money which must be invested at the beginning 6f each year 
for a period of 1 to 50 yearB to amount to 41000 at compound interest. 
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AMORTIZATION AND DEPRECIATION FORMULAS 1 

Amount of an annuity which at the end of n years will 
amortize a capital of $1 (ifiterest on annuity payments and on 
original capital figured at the same rate). 

Present value of an annuity of $1 per year, payable for n 
years, at the end of the year. 

Present value = [l - (1 

The sum produced at*thc end of n years by placing annually 
$1 at.r interest, each dollar being deposited at the beginning of 
the year. 

Sum = t±- r [(l + r)* - 1] $1 
r 

Present worth of $1 payable at the end of n years. 

$1 

Present worth = — r- 

(1 4- r)* 

Value at the end of n years of $1 at Compound interest. 
Value = (1 + r) n .$l 

AREAS 

Triangle = base X l A altitude 

Triangle (let a, 6, and c be the sides and 2s = a -f b + c) 

Area — — a)(s — b){s — c) 

Trapezoid = A sum of the bases X the altitude 
Circle — 7rr 2 
Sphere = 4 tt7- 2 = ird 2 

Cylinder (total surface) = 27rr 2 + 2-irrh ( h — height or altitude) 
Cylinder (cylindrical surface only) = irdji, — 2irrh 
Cone = 7T r 2 + 2 irr( ] A x / r 2 ~ 

Regular polygons — where side •= s, or r = a^othem (radius of 

. inscribed circle) 

5 sides (pentagon) 1.720477s 2 = 3.63271r 2 

6 sides (hexagon) 2.598076s 2 = 3.46410r 2 

7 sides (heptagon) 3.633912s 2 = 3.37101r a 

8 sides (octagon) 4.828427s 2 = 3.31371r 2 

9 sides (nonagon 6.181824# 2 — 3.27573 r 2 

*10 sides (decagon) 7.694209s 2 = 3.24920r 2 

11 sides (undecagon) 9.365640s 2 = 3.22{J93r 2 

12 sides (duodecagon) 11.196152s 2 = 3.21539r 2 

, . . . n , 4 180° * 180° . 

for n sides, A ~ d s 2 cot — — = nr 2 tan i — 

4 n n 

. 1 From “ Annifeire pour 1915, Bureau des Longitudes.” See p. 23 for bond 
interest formula. • 



Table of Regular Polygons 


No. of sides 1 

Name of 
polygon 

Area 
side = S 

A - cS* 

Rac 

cir 

scribe 

£ ll 
o 

*- u 

S3 

ius of 
-uni- ( 
d circle 

G 

'O 

0Q 

Radius of inscrib- 
ed circle, side 
= 1 

if 

° n 

fis 

a 

Angle 

at 

oenter 

r— 

Angle 

between 

adjacent 

aides 

3 

Trianglfe. 

0. 4330027 

2.000 

0.5773 

0.2887 

1.7320 

120° 

60° 

4 

Square . , . 

1 . 0000000 

1.414 

0.7071 

0.5000 

1.4142 

90° 

90° 

6 

Pentagon.. . 

1.7204774 

1.238 

0.8500 

0.6882 

1.1756 

72° 

108° 

6 

Hexagon. 

2.5980702 

1.115 

1.0000 

0.8060 

1.0000 

60° 

120° 

7 

Heptagon . . . 

3.0339124 

1.110 

1.1524 

1 . 0383 

0 . 8077 

51°26' 

128°34' 

8 

Octagon.... 

4.8284271 

1.083 

1.3006 

1.2071 

0.7653 

45° 

135®. 

0 

Nonagon. 

0.1818242 

l.OOi 

1.4019 

1.3737 

0.6840 

40° 

140° • 

10 

Decagon 

7.0942088 

1.051 

1.6180 

1 . 5388 

0.6180 

26° 

144° 

11 

Undecagon. . 

9.3656390 

1.042 

1.7747 

1.7028 

0.5634 

32°43' 

147°16'21" 

12 

Duodecagon 

11.1901524 

1.037 

1.9319 

1 . 8060 

0.5176 

30° 

150° 


Table of the Regular Polyhedrons whose Edge is 
ft Unity 


‘ 

| No. of faces 

Surface 1 

Volume 2 

Tetrahedron 9 

4 

1 . 7320508 

0.1178513 

Hexahedron (cube) 3 

6 

6 . 0000000 

1.0000000 

Octahedron 3 ... 

8 

3.4G41016 

0.4717045 

Dodecahedron 3 

12 

20.6457288 

7.6631189 

Icosahedron 3 . 

20 

8.6602540 

2.1816950 


1 If the edge is ii«t unity, multiply the constant in the table by the square 
of the aide. 

2 1 f the edge is not unity, multiply the eoi 3tant in the table by the cube of 
the aide. 

• The faces of the tetrahedron, octahedron and icosahedron (20 faces) are 
triangles; of the hexahedron, squares; and of the dodocahedron, pentagons. 



Circular Ring. — Area = ir (It 2 - r 2 ) = 7 r(R — r) 
(It - difference in areas between the inner 
and outer circles. 


Quadrant— Area = — = 0.7854r 2 = 0.3927c 2 . 
(c = chord.) 

Segment. — h = length of arc. Q = angle in de- 
grees. c = cliord = \/4(2kr — h 2 ) 

Area = y 2 [br - c(r - h)\ 


= Trr 2 -— - ~ *) 

360 2 


When 9 is greater than 180°, then C - X difference 
between r and h is added to the fraction — . 





H — A-*4 




Sector. — Area = \$br = Trr 2 ^ gp 

6 = angle in degrees 
b = length of are 

Spandrel.— Area =^0.2146r 2 = 0.1073c 2 
Parabola. — Area = '^sh 

s 2 

l = length of curved line = periphery — s = Q , 

O* 

{\/c(l + c) + 2.0326 X log (Vc + V’l + <01 
where c - ^~) 

Ellipse. — Area = nab 

64 _ 3(^- a Y 
(K \ b + a t 


Circum. = ir(a -f b) 


(close approximation] 



Sector of Sphere. — Total surface = ,, (4h -f- c); 
t = 2V(2 hr -~ti >)'. 

Tr . 2irr 2 h 2rrY \Zir 2 - c 2 \ 

Volume = 3 = 3 \r - 2 ~- j 

Segment of Sphere. — Spherical surface 


r y/ 4r 2 — 1 

r 2 "~“ 


Total surface 


= 2 icrh = Ac 2 + 4.i 2 ) 

• 4 

= 2 *rh + 'e* = 2 (cS + 2/i2) 


Volume = *h 2 (r - J) = ***(^— * - J) 
c == 2 \/2hr — h 2 

Frustrum of Pyramid. — (Area of top and bottom 
a and a f respectively). 

Volume = -^(o + a' + y/ aa ') 

• 4^ 

Ellipsoid of Revolution. — Volume = ^ (product 
of the three radii). 

Paraboloid of Revolution. — Volume, = 


Curved surface # = ~ r 3 ] 
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f 9 

Volumes 


Cylinder = irr 2 h = ^d 2 * h 

Li i_ 7rG ^ ^ 3 

Sphere = ^ = grr* 

Cone = l /:iirr'h (>3 the vol. of the containing cylinder) 
Pyramid = y bas<3 X altitude 


* ^TRIGONOMETRY 

The following formulas refer to Fig. 1. 


sin 

A = a 

» 

cot 

II 

i ^ 


c 


a 

COB 

A = b 

sec 

A c 

A = . 


c 


b 

tan 

A =“ 

cosec 

A = C 


b 


a 

a I b 

vers A — \ — 

covers 

© « 

1 

II 


c c 


0 b 

Buyers .1=1 + 


RcgffMing the trigonometric, functions as functions of the 
arc, rather than of the angle (see Fig. 2) we have: 
sin ol = BC = OO cot a = RS 

cos a = OC = BI) hoc a — OQ 

tan a — PQ cosec, a = OR 

vers at = CP covers a = SD 

suvers v — P'C 


i 



Fio. 1 



The fundamental trigonometric formula? are. 

Bill a . 

1 1 t an a 2 

... « V 1 — cos 5 a — — 7 — = 

coscc t» 1 Vl + tun- a V 1 + cot 2 a 

cos a =* 

1 - - y/r~~~.in*a 1 = e,,t “ __ , 

BOC ° Vl + tan-’ « Vl + cot 2 a 

tan at » 

1 sin a t V 1 — cos 2 cP __ ... 

cot a 1— siii- a cos a “ V soc 2 at — 1 


V boc 2 a — 1 
sec at 

V cosec 2 a — 1 
cosec a 

1_ 

V cosec* a — I 
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cot at 

i* 

tan a 


vr 


— s i n 2 a t 
sin a 


Jigs 


Vi -- cos 2 a V sec 2 a -f- 1 


V 00869 2 a — 1 


Sec at = « 

- 1 - - _1_ vr+ tanTi = Vl + oot>« _ _ co»oca__ 

COB “ Vl - sin" a cot or Vooseo* 1 


eosee at a 

1 1 = Vl + t an 2 a 

"i" “ “ Vl - cos 2 a tan ’ « 

sill 2 a f cos 2 a = 1 , tan a = “ ; cot a = 0 °--“ 

. cos at sin a 


Vl l^cnt* 


at 


foc« 

V see 2 a — 1 


Kule for signs of trigonometric functions in various quadrants : 


Quadrant 

1 

2 

3 

4 

sin 

+ 

+ 

— 

— 

cos 

4 - 

— 

— 

+ 

tan 

4 - 

— 

4 - 


cot 

+ 

— 

+ 

— 

sec 

4 - 

— 

— 

+ 

cosec 

4 - 

+ 

— 

— 


Any function of 0° or an even multiple of 90 °, (2)’ plus or 

minus A, is the same function of A, and any function of an 
odd multiple of 90 ° is the complementary function of A, the 
sign being determined for the appropriate quadrant by the 
above table. 


sin (x + y ) = sin x cos y 4» cos x sin y .h sin 2 x = 2 sin x cos x 
cos (x H- y) = cos x cos y — sin x sin y cos 2 x = cos 2 x — sin 2 x 

sin {x — y) = sin x cos y — cos x sin y 

cos (x — y) — cos x cos y 4- sin x sin y 


tan ( x 4- y) 
tan (x — y) 
cot ( x + y) 

cot (x — y ) 

sin (x 4- y) 
sin (x — y ) 
cos (x 4- y ) * 
cos (x — y ) 


t%n x 4- tan y % 
1 -- tan x tan y 
ta n x — tan y 
I 4- tan x tan y 
cot x c ot y — 1 
cot y 4- cq,t x 
cot x cot y 4~ 1 
cot y — cot x 
ta n x 4~ tan y { 
tan x — tan y 
4 — tan x tan y 
1 4- tan x tan y 
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sin (x + y) 

tan x + tan y 

cos (x - y) 

~ 1 + t$n x tan y 

sin (x — y) 

tan x — tan y 

cos (x + y) 

.1 

— tan x tan y 

sin (x + y) sin (x — y) 

= sin 2 x — sin 2 y = 

cos (x + y) cos (x — y) 

= cos 2 x — sin 2 2 / 2 = 

sin 2x 

= 2 sin x cos x 

cos 2x> = cos 2 x — i-pn 2 x 

= 2 cos 2 x — 1 = 1 

2 tan x 

tan 2x 

1 — tan* x 
cot 2 x — 1 

cot 2x 


l cot X 

sin Yix 

cos 


jl — COS X 

2" 

1 1 + COS X 

= \ 

2 

tan i^x 

sin x 

1 + cos X 

cot 

1 

sin x 

COS X 

sin 3x 

= 3 i 

sin x — 4 sin 3 x 

cos 3x 

= 4 cos 3 x — 3 cos x 

tan 3x 

_ 3 tan x — tan 3 x 

1 — 3 tan 2 x 


os* y — cos* x 
:os 2 y — sin 2 x 

2 sin 2 x 


Solution of Triangles 

The solution of the right triangle is readily deduced from the 
functional equations applying to Fig. 1. 



The solution* of 
formula : 


oblique triangles is given in 


the following 


« + & = sin A + sin B = tan + B) _ cot y z C 

a - b sin A r_ d i„ b ' tan ~HyA - ~B) ~ tan 
a* = b 2 + t» - 26c cos A or c* =* a* + b* - 2ac cos C 

cos ^ = V -±£--y OT cos c + V - c* 

2 be 
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■ a/, ^ K a + b ~ c )(a - ? + cj _ Rs - a) (a - b) 

Bin = yj 4fc -- ~ \ '6c 

- * - V i( -' s ;" ai 

A ■ a& sin (7 he sin A ac sin B b 2 sin C sin A 

Area= ___ = — = 2 — = = 
\/s(s — a)(s — 6 )(s — c) 

Radius of inscribed circle = -- 

72 perimeter 

„ i • i (product of the sides) 

Radius of circumscribed circle = ir - — - . — , 

(four times area) 1 


Exact Numerical Value of the Functions of Some Angles 


Angle .... 

0 ° 

30 ° 

45° 

60 ° 

00 ° 

120 ° 

135 ° 

150 ° 

180 ° 

270 ° 

360 ° 

Sine j 

0 

Yl 

1 

V 2 , 

V3 
, 2 

> 

V3 

2 • 

1_ 

v 2 

H 

0 

< 

-1 

0 


1 

V3 

'2 

1 

V2 

1-, 

0 


1 

V 2 

_ V 3 

2 

-1 

0 

1 



0 

1 

V3 

1 

V3 ( 

cn 

“V3 

— !• 

J 

~ V3 

0 

OO 

0 


Cotangent 

00 

V3 

1 

1 

V3 

• 

0 

”vi 

-1 

-V3 

no 

0 

- 

Secant 

1 

2 

V3 

V2 

2 

» 

-2 

-v 2 - 

_2 

~ V3 

-1 

«> 

1 


Cosecant 


2 

V2 

2^ 

V3 

1 

2 _ 

V3" 

p 

v 2 

2 4 

t a> 

-1 

- 


Veraed sine 

0 

2-V3 

Vjj"— 1 

w 

> 

5* 

l+Va 

2+V3 

2 

• 1 

p0 

2 

2 

V 2 

2 , 

Covers, sine. . . * 

_ 

1 

H | 

v 2 -i 

Vf 

2-V3 

0 

2— V3 

V 2 *~l 


T 

0 

1 

2 

2 

^2 
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Squares, Cubes, Square and # Cube Roots op Numbers ^rom 

i to ioo# 


No. 

Square 

Cube 

Sq. 

Root 

Cu& 

Root 

No. 

Square 

: Cube 

Sq. 

Root 

Cube 

Root 

I 

X 

1 

1. 000c 

1 1 0000 

5 i 

2601 

132651 

7 . 14 M 

3.7084 

2 

4 

8 

1.4142 

1.2599 

52 

2704 

140608 

7.2m 

3.7325 

3 

9 * 

27 

I.* 32 I 

1.4422 

5 ? 

2809 

148877 

7.2801 

3.7563 

4 

16 

64 

2.0000 

» 1.5874 

5 ; 

2916 

157464 

7.3485 

3.7798 

5 

25 

125 

2 2361 

1.710b 

55 

3025 

166375 

7.4162 

3.8030 

6 

36 

216 

2-4495 

1.8171 

56 

.*36 

175616 

7.4833 

3.8259 

7 

49 

343 

2 6458 

1.9129 

57 

3249 

185193 

7.5498 

3.8485 

8 

64 

512 

2.8284 

2.0000 

58 

3364 

195112 

7.6158 

.3.8709 

g 

81 

729 

3.0000 

2.0801 

59 

3481 

205379 

7.6811 

3.8930 

IO 

IOO 

1000 

3.1623 

2.1544 

60 

3600 

216000 

7.7460 

3.9149 

XX 

121 

1331 

3.3166 

2.2240 

61 

372 i 

226981 

7.8102 

3.9365 

12 

144 

1728 

3.4641 

2.2894 

62 

3844 

238328 

7.8740 

3-9579 

13 

160 

2 IQ 7 

3.6056 

2.3513 

63 

3969 

250047 

7-9373 

3.9791 

14 

jq6 

2744 

3-7417 

2.4101 

64 

4096 

262144 

8.0000 

4.0000 

IS 

22 s 

3375 

3.8730 

2.4662 

65 

4225 

274625 

8.0623 

4.0207 

16 

256 

4096 

4.0000 

2.5198 

66 

4356 

287496 

8.1240 

4.0412 

17 

289 

4913 

4 . 12 V 

2.5713 

67 

4489 

300763 

8.1854 

4.06x5 

18 

324 

5832 

4.2426 

2.6207 

63 

4624 

3 M 432 

8.2462 

4.0817 

ig 

361 

6859 

4 3580 

2 6684 

69 

4761 

328509 

8.3066 

4.1016 

30 

4&0 

8000 

4-4721 

2.7144 

70 

4900 

343000 

8.3666 

41213 

2X 

44 i 

9261 

4.5826 

2.7589 

71 I 

5041 

3579 H 

8.4261 

4-1408 

32 

484 

10648 

4.6904 

2.8020 

72 

5184 

373248 

8.4853 

4.1602 

23 

529 

12167 

4 7958 

2 8439 

73 

5329 

380017 

8.5440 

4 1703 

24 

576 

13824 

4.8990 

2 8845 

74 

5476 

1 405224 

8.6023 

4.1983 

*s 

625 

15625 

5.0000 

2.9240 

75 

5625 

421875 

8.6603 

4.2172 

26 

676 

17576 

5.0900 

2 9625 

76 

1 5776 

4J8976 

8 7178 

42358 


729 

19683 

5.1962 

3.0000 

77 

5929 

456533 

8.7750 

4 .2543 

28 

784 

21952 

5 2915 

3 0366 

78 

6084 

474552 

8.8318 

4.2727 

29 

841 

24389 

5 3$2 

3.0723 

79 * 

6241 

493039 

8 8882 

4.2908 

30 

900 

27000 

5.4772 

3.IO72 

80 

6400 

512000 

8.9443 

4.3089 

31 

961 

79791 

5 - f 678 

3 .I 4 I 4 

81 

6561 

531441 

9.0000 

4.3267 

33 

1024 

32768 

5.6569 

3.1748 

82 

6724 

551368 

9-0554 

4-3445 

33 

1089 

35937 

5.7446 

3.2075 

83 

6889 

571787 

9.1104 

4-362r 

34 

1156 

39304 * 

5 8*io 

3 - 239 ^ 

«4 

7056 

592704 

9.1652 

4-3795 

35 

122 s 

42875 

5 . 9 i 6 l 

3 - 2711 

85 

7225 

614125 

9.2195 

4.3968 

36 

1296 

46656 

6 0000 

3 301 © 

86 

7396 

636056 

9.2736 

4.4140 

37 

1369 

50653 

6.0828 

3 3322 

87 

7569 

658503 

9.3276 

4-4310 

38 

1444 

54872 

6.1644 

3.3620 

88 

7744 

681472 

93808 

4 4480 

39 

1521 

j 59319 

6.2450 

3 3912 

89 

7921 

704969 

9.4340 

9.4868 

4.4647 

40 

1600 

64000 

6.3246 

3.4200 

90 

8100 

729000 

4.4814 

41 

x68x 

6892T 

1 

3.4482 

9 i 

8281 

753571 

9.5394 

4-4979 

42 

1764 

74088 

6.4807 

3 . 476 o 

92 

8464 

' 778688 

9.5917 

4.5144 

43 

44 

1849 

19 36 

79507 

9 85184 

6.5574 

6.6332 

3.5034 

3.5303 

93 

94 

8640 

8836 

804357 

830584 

9.6437 

9.6954 

tss 

45 

2025 

91125 

6.7082 

3.5569 

95 

9025 

857375 

9.7468 

45629 

46 

2Il6 

0733^ 

103823 

6.7823 

3.5830 

c>6 

9216 

884736 

9.7980 

4 5789 


22 P 9 

6.8557 

3.6088 

97 

9409 

912673 

9.8489 

4 5047 

48 

2304 

•II0502 

6.9282 

3 6342 

98 

9604 

941192 

9 8995 

4 6104 

49 

24OI 

117649 

7.0000 

3 6593 

09 

9801 

970299 

9-9499 

4.6261 

.H 

2500 

125000 ■ 

7.071 I 

• 

3 6840 

^00 ; 

roooo 

1000000 

10.0000 

4.6416 



MATHEMATICS 


33 


Squajres, Cubes, Square and Gube Roots of Numbers from 


I TO IOOO 


Roo? ^ Square Cube Root Root 


101 10201 

102 IO4O4 

103 IOOO9 

104 X0816 

ios 11025 

106 11236 

107 1 1 449 

108 11664 
iog ix‘881 
no 12100 


151 22801 

152 23104 

153 23409 

154 23716* 

155 24025 

156 24336 

157 24649 

158 24964 
150 25281 
160 25600 


III 12321 
1x2 12544 

113 X2769 

1 14 12996 

115 13225 

116 13456 

1 17 13689 

118 13924 

119 14161 

120 14400 


I 161 25921 

162 26244 

163 26569 

164 26896 

165 27225 

166 27556 

167 27880 

168 282J4 

169 28561 

170 28900 


121 14641 

122 14884 

123 15129 

124 15376 

125 15625 

126 15876 

127 16129 

128 16384 
X 20 1664I 
I30 16900 


171 29241 

172 29584 

173 29929 

174 30276 

175 30625 

176 30976 

177 31329 

178 31684 

179 320AI 

1 8 0 324<5b 


131 I7X6l 

132 17424 

133 17689 

134 X 7956 

135 18225 

136 18496 

137 I8769 

138 19044 

139 I 932 I 
X40 X960O 


181 32761 

182 33124* 

183 33489 

184 33856 

185 34225 

186 34596 

M87 34969 

188 35344 

189 35721 

190 36x00 


141 19881 
X42 20164 

143 30449 

144 20736 

145 21025 

146 2x3x6 

147 21600 
X48 21904 

149 2220X 

150 22500 


xgx 36481 
192 36864 
103 37249 

194 37636 

195 38025 

196 38416 

197 38809 

198 39204 
X 99 396ox 
200 40000 
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Squares, Cubes, Squabe and (Cube Roots of Numbers from 


W Cube jg* ^ No . Squa „ Cube S*, Cube 


AOX 40401 

203 40804 

203 41209 

204 4l6l6 
20| 42025 
200 42436 
307 43849 

208 43264 

209 43681 
2101 44100 


251 63001 

252 63504 

253 64009 

254 64516 

255 65025 

256 65536 

257 68049 

258 66564 

259 6708L, 

260 67600 


15813251 

16003008 

16194277 

16387064 

16581375 

16777216 

16974593 

*7173512 

17373979 

17576000 


211 4452I 

312 44944 

213 45369 

214 45796 

215 46225 
210 46656 

217 47089 

218 47524 

219 47961 

220 484OO 


9393931 

9528128 

9663597 

9800344 

9938375 

IOO77696 

IO218313 

IO360232 

I0503459 

20648000 


261 68l2I 

262 68644 

263 69169 

264 69696 

265 70225 

266 70756 

267 71289 

268 71824 

269 72361 

270 72900 


17779581 

17984728 

18191447 

18399744 

18609625 

18821096 

19034163 

IO248832 

I9465109 

19683000 


321 4884I 
222 49284 
323 49729 

224 50176 

225 50625 

226 51076 
327 51529 
228 51984 
329 5244I 

230 53 QOO 

231 ’53361 

333 53834 

333 54289 

334 54756 

335 55325 

336 55696 
237 56160 
238I 56644 
239 57*2i 
340 57600 


10793861 
10941048 
11089567 
1 1 239424 
11390625 
11543176 
11697083 
**852352 
12008989 
12167000 


12326391 
12487x68 
*2649337 
1 281 2904 I 

12977875^ 

13*44256 

*33*2053! 

1348*2721 

13651019 

X3824000 


271 73441 

272 73984 

273 74529 

274 75076 

275 75625 

276 76176 

277 76729 

278 77284 

279 77841 

280 r 78400 


19902511 

20123648 

20346417 

20570824 

20796875 

21024576 

21253933 

21484952 

21717639 

21952000 


24X 58081 
342 58564 
«43 59049 

244 59536 

245 60025 

246 605x6 

247 61009 

248 (.5x504 

249 62001 
250 62500 


*39975«x 

14172488 

14348907 

**526784 

14706125 

14886936 

*5069223 

15252992 

1*438249 

*5625000 


29* 84681 

292 85264 

293 85849 

294 86436 

295 87025 

296 87616 

297 88209 

298 88804 

299 89401 

300 90000 


22188041 
22425768 
22665187 
22906304 
23149125 
23393656 
23639903 
23887872 
24137569 
24389000 : 

24642171 : 
24897088 : 
25153757 : 
254*2184 : 
25672375 ] 
25934336 3 
26198073 ] 
26463592 j 
26730899 1 
27000000 i 



MATHEMATICS § 35 


Squares, Cubes, Square and C^jbe Roots of Numbers from 

7, TO IOOO 
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Squares, Cubes, Square and*Cube Roots op Numbers upon 

I TO IOOp 


401 I 6080 i 
403 161604 

403 162409 

404 163216 

405 164025 

406 164836 

407 165649 

408 166464 

409 167281 

410 168100 


4xx 168921 

412 169744 

413 170569 

414 171396 

415 172225 

416 173056 

417 173889 

418 174724 

419 175561 

430 1764^0 


421 177241 

422 178084 

423 178929 

424 179776 

425 180625 

426 181476 

427 182329 

428 183184 

429 184041 

430 184900 


431 185761 

432 186624 

433 187489 

434 188356 

435 189225 

436 190096 

437 *90969 

438 191844 

439 1927 2 I 

440 193600 


44* 194481 

442 195364 

443 X96249 

444 197X36 

445 198025 

446 198916 

447 X99809 

448 ^00704 

449 201601 

450 202500 


75686967 

76225024 

76765625 

77308776 

77854483 

78402752 


81182737 

81746504 

82312875 

82881856 

83453453 1 

84027672! 

84604519 

85184000 


85766121 

86350888 

86938307 

8*328384 

88121125 

88716536 

893x4623 

80015392 

90318849 

91x25000 


Sq. 

Root 

Cutx* 

Root 

No. 

Square 

Cube Rwt 

Cube 

Root 

20,0250 

7.3742 

45i 

203401 

91733851 21.2368 

7.6688 

20.0499 

7.3803 

452 

204304 

92345408 21.2603 

7.6744 

20.0749 

7.3864 

453 

205200 

92959677 21.2838 

7.6800 

20.cxjg8 

7.3925 

454 

206116 

93576664 21.3073 

7.6857 

20.1246 

7.3986 

455 

207025 

94106375 21.3307 

7.6914 

20.1494 

7.4047 

456 

21*7036 

94818816 21.3542 

7.6970 

20.1742 

7.4108 

457 

208849 

95443993 21.3776 

7.7026 

20.1990 

7.4169 

458 

200764 

96071912 21.4009 

7.7082 

20.2237 

7.4229 

459 

210681 

96702579 21.424s 

7-7*38 

20.2485 

7.4290 

460 

211600 

97336ooo 21.4476 

7-7*94 

20.273* 

7-435° 

461 

212521 

97972181 21.4709 

7.7250 

20.2978 

7.4410 

462 

213444 

98611128 21.4942 

7.73o6 

20.3224 

7.4470 

463 

214369 

99252847 21.5174 

7.7362 

20.3470 

7-4530 

464 

215296 

99897344 21.5407 

7.7418 

20.3715 

7-4590 

465 

216225 

100544625 21.5639 

7-7473 

20.3961 

7.4650 

466 

217156 

101194696 21.5870 

7.7529 

20.4206 

7.4710 

467 

218089 

101847563 21.6102 

7.7584 

20.4450 

7.4770 

468 

219024 

102503232 21.6333 

7.7639 

20.4695 

7.4829 

469 

219061 

103161709 21.6564 

7-7695 

20.4939 

7.4889 

470 

220900 

103823000 21.6795 

7.7750 

20.5183 

7.4948 

471 

221841 

104487m 21.7025 

7.7805 

20.5426 

7.5007 

472 

2227S4 

105154048 21.7256 

7.7860 

20.5670 

7.5067 

473 

223729 

105823817 21.7486 

7.7915 

20.5913 

7.5126 

474 

224676 

106496424 21.7715 

7.7970 

20.6155 

7.5185 

475 

225625 

107171875 21.7945 

7.8025 

20.6398 

7.5244 

476 

226576 

107850176 21.8174 

7-8079 

20.6640 

7.5302 

477 

227529 

*08531333 21.8403 

7- §*34 

20.6882 

7.5361 

478 

228484 

1092 1535 2 21.8632 

7.818S 

1 20. 7 1 at 

7-5420 

479 

, 229441 

109902239 21.8861 

7.8243 

' 20.7364 

7. 5178 

480 

230400 

t 

110592000 21.9089 

7.8297 

20.7605 

7-5537 

481 

231361 

1x1284641 21.9317 

7.835* 

. 20.7846 

7-5595 

482 

232324 

11198016S 21.9545 

7.8406 

20.8087 

7.5654 

483 

233289 

112678587 21.9773 

7.8460 

,20.8327 

7-5712 

434 

234256 

1 113379904 22.0000 

7.8514 

20.8567' 

7-5770 

485 

235225 

114084125 22.0227 

7.8568 

20.8806 

7-5828, 

4S6 

236190 

114791256 22.0454 

7.8622 

20.9045 

7.5886 

4 ‘87 

237169 

*15501303 22.0681 

7.8676 

20.9284 

7-5944 

488 

238144 

116214272 22.0907 

7.873° 

20.9523 

7.6001 

489 

239121 

116930169 23.1133 

7.8784 

20.9762 

7.6059 

490 

240100 

1x7649000 22.1359 

7.8837 

21.0000 

7.6117 

491 

241081 

118370771 22.1585 

7.8891 

21.0138 

7.6174 

492 

242064 

119095488 22.1811 

7.8944 

21.0476 

7.6232 

493 

243049 

119823157 22.2036 

7.8998 

21.0713 

7.6289 

494 

244036 

*20553784 22.2261 

7.905* 

21.0950 

7-6346 

495 

245025 

121287375 22.2486 

7-9*05 

21.1187 

7.6403 

496 

246016 

122023936 22.2711 

7.9X58 

( 21.1424 

7.6460 

497 

247009 

122763473 22.2935 

7.92H 

21.1660 

7.6517 

498 

248004 

*23505992 22.3159 

7.9264 

21.1896 

7-6574 

409 

249001 

124251499 22.3383 

7-93*7 

21.2132 

—^£7 

7.6631 

500 

• 

250000 

X25000000 22.3607 

7.9370 
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Squares, Cubes, Square and C^jbe Roots of Numbers from 

i to iooo 

* 


No. 


Square 


Cube 


Sq. 

Root 


Cube 

Root 


No. 


Square 


Cube 


Sq. 

Root 


Cube 

Root 


501 

502 

503 

504 

505 

506 j 
5°7. 
508 
S09| 
5ioi 


511 

512 
5X3 
5I4| 
5X5 
516 

SI l 

5x81 

5x9 

520 


521 

522 

523 

524 

525 

526 

527 

528 
539 
530 


531 

532 

533 

534 

535 

536 

537 
53S 

539 

540 


541 

542 
543| 
544 
545 1 

546 

547 

548 

549 
55o| 


351001 
25 2004 1 
253009 
254016 
355025 
256036 
2570491 
25806.. 
259381 
260100 


26x121 

262144 

263169 

264196 

265225 

266256 

267289 

268324 

269361 

270400] 


27X44X 

272484 

273529 

274576 

275625 

276676 

277729 

•278784 

279841 

280900 

281961 

283024] 

284089 

285156! 

286225 

287296 

288369 

289444 

290521 

29x600 

292681 

293764 

294849 

295936 

297025 

298XX6 

299209 

300304 

30140X 

302500] 


125751501 
126506008 
127263527 
1 28024064 
128787625 
129554216 
X30323843 
1310965x2 
131872229 
13 265 iooo 


133432831 

134217728 

135005697 

135796744 

136590875 

137388096 

138188413 

13899x832 

139798359 

140608000] 

141420761 

142236648 

143055667 

143877824 

1447031251 

X4553I576 

146363x83 

X47i97g52 

148035889' 

148877000] 


149721291 

150568768 

151419437 

152273304 

153130375, 

153990656 

154854153 

155720872 

156590819 

157464000] 

158340421 

X5922008S 

160103007 

160989184 

X61878625 

162771336 

163667323 

164566592 

165469149] 

166375000] 


22.3830 

22.4054 

22.4277 

22.4499 

22.4722 

22.4944 

22.5167 

22.5389] 

22.5610 

22.5832 

22.6053 

22.6274] 

22.6495 

22.6716 

22.6936 

22.7156 

22.7376 

22.7596 

22.7816 

22.8035 

22.8254 

22.8473 

22.8692 

22.8910] 

22.9129 

22.9347 

22.9565 

22.9783 

23-oooo| 

23.0217 


23-0434 

23.0651 

23.0808 

23.1084 

23.1301 

23.1517] 

23-1733 

23.1938 

23.2x64 

23.2379 


23-2594 

23.2809 

23.3024 

23.3238 

HI& 

23.3880] 

23.4094 

23-4307 

23.4521 


7.9423 

7.9476 

7.9528 

7.9581 

7.9634 

,7-9686 

7.9739 

7.9791 

7.9843 

7.9896 


7.9948 

8.0000 

8.0052 

8.0104 

8.0156 

8.0208 

8.0260 

8.0311 

8.0363 

8.0415 

8.0466 

8.0517 

8.0569 

8.0620 

8.0671 

8.0723 

8.0774 

8.0825 

8.0876 

8.8927 

8.0978 

8.1028 

8.1079 

8.1130 

8.X180 

8.1231 

8.1281 

§•1332 

8.1382 

8.1433 

8.1483 

8.1533 

8.1583 

l:\tn 

jj'lp 

illll 

8.1932 


55i 
55 * 

553 

554 

555 

556 

557 

558 

559 

560 

S6x 

562 

563 

564 

566 

567 

568 

569 

570 


571 

572 

573 

574 

575 

576 

577 

578 

579 

580 

581 

582 

583 

584 

M 

III 

589 

590 


i ll 


599 

600 


303601 

304704I 

305800 

30691#] 

308025 

309136 

310249 

311364 

312481 

3x3600 


314721 

315844. 

316969 

318096 

319225 

320356, 

32x^9 

322024I 

323761 

3249001 


326041 

327184 

328329 

329476 

330625 

33X776 

332929 

334084 

337561 

33872} 

3398S9 

341056 

342225 

343396 

344569 

345744 

346921 

348100 

349281 

350464 

35x649 

352836 

354025 

355216 

356409 

357604 

358801 

360000 


23.4734 

23.4947 

23.4160 




23.41 

23.53.- 

33.5584 

23-5797 

23.6008 

23.6220 

23.6432 

23.6643 

23.6854 
23.7065 
23.7276 
23.7- “ 
23.71 

*3 .71 
23.8x18 
23.8328] 
23.8537 
23.87^7 


167284x51 
168x90608 
X69112377 
170031464 
170953875 
171879616 
172808693 
X7374I1I3 
174676879, 
I756 i 6 ooo| 

176558481 

177504328 
178453547 

179406144 

180362125 
181321406 
182284263 
183250432 
184220009 
85193000] 

186x694x1 
187149248 
1S8132517 
189119224 
190109375 
19x102976 
192100033 
193100552 

194104539 

X95XX2000 
196x22941 

197137368 

198155287 
190176704 
206201625 
201230056 
202262003 
203297472 
204336469 . 

205379000 24.2899 


206425071 

207474688I 

208527857 

209584584 

210644875 

21x708736 

2x3776173 

213847192 

214021799 

2x6000000 


23.895' 

23.926, 

23-9374] 

23.9583 

23.9792 

24.0000 

24.0208 

24.0416 

24.0024 

,24.0832 


24.1039 

24.1247 

24.1454 

24.1661 

24.1868 

24.2074] 

24.2281 

24.2487 

24.2693 


24.3x05 

24.3311 

24.3516 

S#4-372i 

24.3926 

24.4131 

24-4336 

24.4S40 

if24*47i5 


8.1982 

8.2031 

8.2081 

8.2x30 

8.2x80 

8.2220 

8.2278 

8.2327 

8.2377 

8.2426 

8.247s 

8.2524 

8.2573 

8.2021 

8.2670 

8.2710 

8.2768 

8.2816 

8.2865 

8.2913 

8.2963 

8.3OIO 

8.3059 

8.3107 

8.3ISS 

8.3203 

8.3251 

8.3300 

8 . 334 § 

8.3396 

8-3443 

8.3491 


m 


8.3683 

8.3730 

in 77 

83825 

8.387a 

8.3910 

8.3967 

8.40x4 

8.4061 

8.4x08 

8.4x55 

8.4202 

834249 

8.4290 

8.4343 
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Squares, Cubes, Square an6 Cube Roots or Numbes from 
i to i ooo. Continued 


Na 


Square 


Cube 


Sq. 

Root 


Cube 

Root 


No. 


Square 


Cube 


Sq. 

Root 


Cube 

Root 


6 ox 

602 

to $ 

<£4 

S3 

607 

60S 

S 09 

610 


36x201 
362404 
363609 
364816 
36602 S 
367236 

370881 

372100! 


6 xx 

6x2 

6x3 

6x4 

ell 

617 

618 
6x9 
620 


621 

622 

623 

624 

625 

626 

627 

628 

629 

630 

631 

632 

633 

634 

636 

637 

638 

639 

640 

641 

642 

$s 

Sg 

ttl 

649 

650 


373321 

374544 

375709 

376996 

378225 

379450 

380689 

38x924 

383161 

384400 

lint: 

388129 

389376 

390625 

39x876 

393129 

394384 

395641 

396900 

398161 

399424] 

400689 

401956 

40322s 

404496 

405769 

407044 

408321 

.409600 

4x0881 

412x64 

413449 

414736 

4x6025 

4173161 

418609 

419904I 

$21261 

4225001 


2x7081801 

218x67208 

219256227 

220348864 

221445125 

222545016 

223648543 

2247557x2 

225866529 

226981000] 

228099131 

229220928] 

230346397 

231475544] 

2326083 75 ( 
233744896 
234885113 

236029032 

237x76659] 

238J 28000 

239483061 

2400418481 

241804367 

242970624 

244140625 

24:314376 

246491883 

247673x52 

248858x89 

250047000 


251 239591 

252435968 

253636137 

254840x04 


24.5153 
24.5357 

24- 5561 
24.5,764 

24. ^67 

24.6171 
24.6374] 
24.6577. 
24.6779 
24.6982 

24.7184 
24.7380 
24.7588 
24.7790 
24.7992 
24.8x93 
248395 
24.859^ 
24.8797 
24.8998 

24.9199 
249399 

24.9600 
24.9800 
25.0000 
25.0200 
25.0400 

25- 0599 

25.0799 
25.099*' 

25. X197 

25.1396 

25.1595 
.. . 25.1794 

35604787 s 1 25.1 993 


257259456, 

258474853 

259694072 

3609x71x0 

262x44000] 

263374721 

264609788 

265847707 

267080084 

268336125 

369586136 

27084002; 

27209779; 

273359449; 

274625000 


25.2IQO 

25-2389 

35.2587 

25.2784 

25.2982 


8.4390 

8.4437 

8.4484 

8.4530 

8.4577 

8.4623 

8.4670 

8.4716 

8.4763 

8.4809 

8.4856 

8.4902 

8.4948 

8.4994 

8.5040 

8.5086 

8.5132 

8.5x78 

8.5224 
A 8.5270 

v 8.5316 
8.5362 
8.5408 

8.5453 

8.5499 

8.5544 

8.5590 


25.3180] 

25.3377 

25.3574 

25.3772 

25.3969 

25.4165 

25.4362 

25.4558 

25.4755 

25-4951 


8.5726 

8.5772 

8.5817 

8.5862 

8.5907 

8.5952 

8.5997 

8.6043 

8.6088 

8.6133 

8.6177 

8.6222 

8.6267 

8.6312 

8.6357 

8.6401 

8.6446 

8.6490 

8.6535 

8.6579 

8.6624 


661 

662 

663 

664 

665 

666 

667 

668 

669 

670 

671 

672 

673 

674 

675 

676 

677 

678 

679 

680 

681 

682 

683 

684 

685 

686 

687 

688 

689 

690 

691 

692 

693 
604 

695 

696 

697 

698 
609 
7oo 


423801 

425x04 

426409 

427716 

429025 

430336 

4^1649 

432964 

434281 

435600 

436921 

438244 

43956g| 

440896 

442225 

443556 

444889 

446224 

44756i; 

448900 


450241 

451584 

452929 

454276 

455625 

456976 

458329 

459684 

461041 

462400I 


463761 

465124 

466489 

467856 

469225 

470596 

471969 

473344 

474721 

476100] 

477481 

478864 

480249 

481636 

483025 

4844x6 

485809 

487204 

488601 


275894451, 

377x67808] 

27S445077. 

279726264] 

2810x1375. 

2823004x6] 

283593393 

284890312 

286191179 

287496000 

288804781 

290117528] 

291434247 

292754944! 

294079625 

295408296] 

296740963 

298077632 

299418309] 

300763000 


25.5147 

25.5343 

25.5539 

25.5734 

25-5030 

25.6125 

25.6320 

25.6515. 

25.6710] 

25.6905 


25.7099 

25.7294 

25.7488 

25.7682 

25.7876 

25.8070 

25.8263 

25.8457. 

25.8650 

25.8844 


'30211x711 

303464448 

304821217 

306182024 

307546875 

308915776 

310288733 

311665752 

313046839 

314432000 


315821241 

317214568 

3x8611987 

320013504] 

3214191251 

322828856 

324242703 

3256606721 

327082769 

328509000 


aj.9037 

25.923o| 

25.9422 

25.9615 

5.9808 

6.0000 

26.0192 

26.0384 

I26.0576 

26.0768 

26.0960 

26.1151 

26.1343 

26.1534I 

26.1725, 

26.1916] 

26.2107 

26.22981 

26.2488 

26.2679 


329939371 

331373888 

332812557 

334255384 

335702375 

337153536 

338608873 

340068392 

341532099 

343000000 


26.2869 

26.3059 

26.3249 

26.3439 

26.3629 

26.3818 

26.4008 

26.4197 

26.4386 

1*6.4575 


8.6668 

8.6713 

8.6757 

8.6801 

8.6845 

8.6890 

8.6934 

8.6978 

8.702:* 

8.7066 

8 7110 

i£IS 

8.7241 

8.7285 

8.7329 

nm 

8.7460 

8.7503 

8.7547 

8.7590 

8.7634 

8.7677 

8.7721 

8.7764 

8.7807 

8.7850 

8.7893 

8.7937 

8.7980 
8.80 *3 
8.8066 
8.8x09 
8.815a 
8.8194 

8.8237 

8.8280 

8.8323 

8.8366 


8 8408 
8.8451 
8 8493 
8.8536 
8.8578 
8.8621 
8.8663 
8.8706 
8.8748 
8.8790 


* MATHEMATICS 


SQtyt&ES, Cubes, Square and Cube Roots of Numbers from 

i TO IOOO 


701 491401 344472101 26.4764 

702 492804 345948408 26.4953 

703 494200 347428927 26.5141 

704 495616 348913664 26.5330 

705 497025 350402625 26.5518 

706 498436 351895816 26.5707 

707 499849 353303243 26.5895 

708 501364 354894912 26.6083 

709 502681 356400829 26.6271 

710 504100 357911000 26.6458 


711 505521 359425431 26.6646 

712 506944 360944128 26.6833 

713 508369 362467097 26.7021 

714 509796 363994344 26.7208 

715 511225 365525875 26.7395 

716 512656 367061696 26.7582 

717 514089 368601813 26.7769 

718 515524 370146232 26.7955 

719 516961 371694959 26.8142 

720 518400 373248000 26.8328 

721 5x9841 374805361 26.8514 

722 521284 376367048 26.8701 

723 522729 377933067 26.8887 

724 524*76 379503424 26.9072 

725 525625 381078125 26.9258 

726 527076 382657176 26.9444 
727.528529 38424058326.9629 

728 529984 385828352 26.9815 

729 53*44* 387420489 27.0000 

730 532900 389017000 27.0185 


73* 534361 390617891 27.0370 

732 535824 392223168 27.0555 

733 537289 393832837 27.0740 

734 538756 395446904 27.0924 

735 540225 397065375 27.1109 

736 541696 398688256 27.1293 

737 543169 4003155 53 27.1477 

738 544644 401947272 27.1662 

739 546121 403583419 27.1846 

740 547600 405224000 27.2029 


74* 5498oi 406869021 27.2213 

742 550564 408518488 27.2397 

743 552049 410172407 27.2580 

744 553536 411830784 27.2764 

745 555025 413493625 27.2947 

746 556516 415160936 27.3130 

747 558009 416832723 27.3313 

748 559504 418508992 27.3496 

749 561001 420189749 27.3679 

750 562500 42x875000 27.3861 


Cube 

Root 

No. 

8.8833 

75* 

8.8875 

753 

8.8917 

753 

8.8959 

754 

8.goox 

755 

•8.9043 

756 

8.9085 

757 

8.9127 

758 

8.9x69 

759 

8.92x1 

760 

8.9253 

761 

8.9295 

762 

8-9337 

763 

8.9378 

764 

8.9420 

765 

8.9462 

706 

8.9503 

767 

8.9545 

768 

8.9587 

769 

8.9628 

770 

8.9670 

77* 

8.9711 

773 

8.9752 

773 

8.g794 

774 

8.9835 

775 

8.9876 

776 

8.9918 

777 

8.9959 

778 

9.9000 

779 

9.0041 

780 

Q.0082 

781 

9.0123 

783 

9.0164 

783 

9.0205 

784 

9.0246 

785 

9.0287 

*86 

9.0328 

787 

9.0369 

788 

9.0410 

789 

9.0450 

790 

9.0491 

79* 

9.0532 

792 

9-0572 

703 

9-0613 

794 

9.0654 

795 

9.0694 

796 

9-0735 

797 

9.0775 

798 

9.0816 

799 

9.0856 

800 


Cube 


Cube 

Root 


564001 423564751 27.4044 9.0896 
565504 425259008 27.4226 9.0937 
567oq§ 426957777 27.^408 9-0977 
568510 428661064 27.4591 9.X017 
570025 430368875 27.4773 9.1057 
571536 4320812x6 27.4955 9.1098 
573049 433798093 27.5136 9.U38 
574564 4355*95*2 27.5318 9 **78 

576081 437245479 27.5500 9.1218 
577600 438976000 27.5681 9.1258 


57g*2i 4407x1081 27.5862 9.1298 
580644 44245072827.6043 9.1338 
582169 444194947 27.6225 9.1378 
583696 445943744 27.6405 9.1418 
585225 447697125 27.6586 9.1458 
586756 449455096 27.6767 9.1498 
588*89 451217663 27.6948 9.1537 
589824 452984832 27.7128 9.1577 
591361 454756609 27.7308 9.1617 
592900 456533000 27.74*9 9.1657 


594441 458314011 27.7669 9.1696 
595984 460099648 27.7849 9.1736 
597529 461889917 27.8029 9.1775 
59Q076 463684824 27.8209 9.1815 
600625 465484375 27.8388 9.1855 
602176 467288576 27.8568 9.1894 
603729 469097433 27.8747 9-1933 
605284 470910952 27.8927 9-1973 
606141 472729139 27.9106 9.2013 
608400 474552000 27.9285 9.2052 


6099& 476379541 27.9464 9-2°9* 
611524 478211768 27-9643 9.2130 
613089 480048687 27.9821 9.2170 
614656 48*890304 28.0000 9.2209 
616225 483736625 28.0179 9.2248 
617796 485587656 28.0357 Q.2287 
619369 487443403 28.0535 9.2326 
620944 489303872 28.0713 9.2365 
622521 491169069 28.0891 9.2404 
624100 493039000 28.1069 9.2443 


625681 494913671 28.1247 9.2482 
627 26| 496793088 28.X425 9.2521 
628849 498677257(28.1603 9.2560 
630436 500566184^8.1780 9.2599 
632025 502459875 28.1957 9.2638 
633616 50^58336 28.2x35 9.2677 
635209 500561573 28.2312 9.2716 
636804 508x69593 28.2489 73754 
638401 510082399 28.2666 9.2793 
640000 51200000028.2843 9.283a 
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No.] Square J Cube | R S £ t gj* || No. [Square | Cube j & 


Sq. Cube 
Root Root 


8ox 641601 

802 643204 

803 644800 
604 646416 
80s 648025 

806 649636 

807 651249 

808 652864 
Soo 654481 
8x0 656x00 


5x3022401 3 
5x5849608 3 
517781627 2 
510718464 2 
52166012s 2 
523606616 2 
5255S 7943 2 
5275x4112 2 
539475129 2 
53x44x000 2 


851 724201 

852 725904 

853 727609 
■854 729316 

855 731025 

856 73B736 

857 734449 

858 736164 

859 737881 

860 739600 


616295051 3 
618470208 : 
620650477 s 
622835864 s 
625026375 2 
627222016 2 

620422793 2 

631628712 2 
633839779 3 
636056000 2 


8xi 65772* 

&33S 

814 662596 
8x5 664225 

816 665856 

817 667480 

818 669124 

819 670761 

820 6734^0 

8ax 674041 

822 675684 

823 677329 

834 678976 

825 680625 

826 682276 

827 683929 

828 685584 
82Q 687241 

830 688900 

831 690561 , 

832 692224 , 

833 693889 J 
*34 695556 j 

835 697225 1 

836 698896 • 
f 37 700569 • 

838 702244 1 

839 703921 i 

840 705600 « 


5334x1731 2 

535387328 5 

537367797 2 
539353x44 2 
541343375 2 
543338496 2 
545338513 2 
547343432 2 
5493S3259 2 
551368000 2 


553387661 28.6531 
555412248 28.6705 
, 557441767 28.6S80 
559476224 28.7054 
561515625 28.7228 
5635599/6 28.7402 
565609283 28.7576 
567663552 28.7750 
569722789 28.7924 
571787000 28.8097 

573856191 28.82*1 
575930368 28.8444 
578009537 28.8617 
580093704 28.8791 
582x82875 28.8964 
584277056 28.9137 
586376253 28.93x0 
588480472 28,9482 
590589719 28.9655 
592704000 28.9828 


; 861 741321 

1 862 743044 
t 863 744769 

> 864 746406 

> 865 748225 

866 749056 

867 75x689 

868 753424 

869 755*6x 

870 756900 

871 758641 

872 760384 

873 762120 

874 763876 

875 765625 

876 767376 

8 77 769129 

878 770S84 . 

879 *772641 1 

880 774400 1 

1 881 776161 i 
882 777924 ( 
883 779689 < 

884 78x456 < 
885 783225 t 

886 784996 £ 
887 786769 £ 
888 788544 j 

889 790321 5 
890 792100 7 


* 4 * 707281 

842 708964 

843 710649 
*44 7x2336 
* 4 S 7x4025 
*46 7157x6 

tsra 

*49 7208m 
*50 722500 


594823321 29.0000 
506947688 29.01^ 2 
599077107 29.0345 
6A211584 29.0517 
603351x25 29.0689 
605495736 29.0861 

60764542$ 29.1033 
000800x92 29.1204 
611960040 29.1376 
614x25000 29.1548 


63827738* j 

640503928 5 

642735647 a 
644972544 2 

647214625 2 
649461896 2 
651714363 2 
653972032 2 
656234909 2 
658503000 2< 

6607763H 2< 

663054848 2j 
6653386x7 2( 
667627624 2J 
66992x875 2 5 
672221376 25 
674526133 2t] 

676836152 2Q 
679151439 2g 
681472000 29 


683797841 3 
686128968 3 
688465387 2 
690807104 2 
693154125 2 

695506456 2 
697864IO3 2 
700227072 2 
702505369 2 
704969000 2 


891 793881 

892 795664 

§93 797449 

004 799236 

895 801025 

896 8028x6 

897 804609 

898 806404 

899 808201 

900 8xoooo 


707347971 J 
709732288 2 
712x2x957 2 
714 516984 2 
7169x7375 2 

719323136 2 
72x734273 2 
724150792 2 
726572699 2 
7290000003 
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Squares, ‘Cubes, Square and Cube Roots of Numbers from 

* i TO IOOO 


No. Square Cuba R S ^ t No ‘ Sc ' uare Cube iSit Root 


Ooi 811801 731432701 30.0167 9- 6 585 951 904401 860085351 30.8383 9.8339 

902 813604 733870808 30.0333 9.662a 952 906304 862801408 30.8545 9.8374 

903 8r54oq 736314327 30.0500 9.6656 953 90^209 865523177 §0.8707 9.8408 

904 817216 738763264 30.0666 9.6692 954 910116 868250664 30.8869 9.8443 

905 819025 741217625 30.0832 9-6727 955 912025 870983875 30.9031 9-8477. 

906 820836 743677416 3o.<J9q8 9.6763 956 913936 873722816 30.9192 9.85ir 

907' 822649 746142643 30.1164 9-6799 957 915849 876467493 30.9354 9-8546 

908 -824464 74861331230.1330 9.6834^ 958 917764 87921791230.9516 9.8580 

909 826281 751089429 30.1496 9.6870^ 959 919681 881974079 30.9677 9.8614 

910 828100 753571000 30.1662 9.6905 960 921600 88 4736000 30.9839 9.8648 


911 829921 756058031 30.1828 9.6941 961 923521 887503681 31.0000 9.8683 

912 831744 758550528 30.1993 9.6976 962 925444 890277128 31.0161 9-8717 

913 833569 761048497 30.2159 9.7012 963 927369 893056347 31.0322 9.8751 

914 835396 763551944 30.2324 9.7047 964 929296 895841344 31.0483 9-8785 

915 837225 766060875 30.2490 9.7082 965 931225 898632125 31.0644 9.8819 

916 839056 768575296 30.2655 9.71x8 966 033156 901428696 31.0805 9.8854 

917 840889 771095213 30.2820 9.7153 967 *35089 904231063 31.0966 9.8888 

918 842724 773620632 30.2985 9.7188 968 937024 907039232 31.1127 9.8922 

919 844561 776151559 30.3150 9-7224 969 93896* 909853209 31.1288 9.8956 

920 846400 778688000 30.3315 9.7259 970 940900 9x2673000 33*1448 9.8990 


921 848241 781229961 30.3480 9.7294 971 942841 915498611 31.1609 9.9024 

922 850084 783777448 30.3645 9-7329 972 944784 91833004S 31.1769 9.9053 

923 851929 786330467 30.3809 9-7364] 973 946729I 921167317 31-1929 9 9092 

924 853776 788889024 30.3974 9.74001 974 948676 924010424 31.2090 9.9126 

925 855625 791453125 30.4138 Q.7435 975 950625 926859375 31.2250 9.9160 

926 857476 794022776 30.4302 9-7473 976 952576 929714176 31-2410 9.9194 

•927 859329 796597983 30-44^7 9-7505 977 954529 93*574833 31**570 9.9227 

928 861184 799178752 30.4631 9.754a 978 056484 935441352 31.2730 9.9261 

929 863041 801765089 30.4705 9-7575 979 §58441 938313739 31.2S90 9.9295 

930 864900 804357000 30.4959 9-76X0 980 960400 941192000 31.3050 9.9329 


931 866761 806954491 30.5x23 9.7645 981 962361 944076141 31.3209 9.9363 

932 868624 809557568 30.5287 9.768a 982 964324 946966168 31.3369 9.9396 

933 870489 812166237 30.5450 9-77*5 983 966289 949862087 31-3528 9.9430 

934 872356 81478050430.5614 9-7*50 984 968256*952763904 31.3688 9.946^ 

935 874225 8x7400375 30.5778 9-7785 985 970225 955671625 31.3847 9-9497 

936 876096 820025856 30.5941 9.78*9 986 972196 958585256 31.4006 9.9531 

937 877969 822656953 30.6105 9.7854 987 974169 961504803 31.4x66 9.9565 

938 879844 825293672 30.6268 9.7889 988 976144 964430272 31.4325 9-9598 

939 88x721 827936019 30.6431 9.7924 989 978121 967361669 31.4484 9.96 32 

940 883600 830584000 30.6594 9.7959 990 980100 970299000 31.4643 9.9666 


941 885481 833237621 30.6757 9-7993 99* 982081 973242271 31.4802 9.9699 

942 887364 835896888 30.6920 9.8028 992 954064 976191488 31.4960 9.9733 

943 889249 838561807 30.7083 9.8063 993 986049 979146657 31-5119 9-9766 

944 891x36 841232384 30.7246 9.8097 994 988036 982107984 31.5278 9.9800 

945 893025 843908625 30.7409 9 8132 995 990025 985074875 31.5436 9.9833 

946 894916 84659053630.7571 9.8167 996 992016 988047936 31. 55Q5 9.9866 

947 896809 849278123 30.7734 9-8201 997 994009 991026973 31-5753 9-9QOO 

948 898704 851971392 30.7896 9.8236, 998 996004 994011,992 31.591* 9-9933 

949 900601 854670349 30 8058 9.827a 999 998001 997002999 31.6070 9.9967 

950 902500 j 857375000 30.8221 ,9.8305 1000 1000000 1000000000 31.6228 10.0000 
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Logarithms of Numbers 


0043 0086 
0453 0492 
0828 0864 
1173 1206 
1492 1523 

1790 18^8 
2068 2095 
2330 2355 
2577 2001 


0128 0170 0212 
0531 0569 0G07 
0899 0934 0969 
1239 1271 1303 
1553 1584 1614 

1847 1875 1903 
2122 2148 2175 
2380 2405 243® 
2625 2648 2672 
2856 2878 2900 


0253 0294 0334 0374 
0645 0682 0719 0755 
1004 1038 1072 1106 
1335 1367 1399 1430 
1644 1673 1703 1732 

1931 1959 1987 2014 
2201 2227 2253 2279 
2455 2480 2504 2529 
2695 2718 2742 2765 
2923 2945 2967 -2989 


3010 3032 3054 3075 3096 3118 3139 3160 3181 3201 

3222 3243 3263 3284 3304 3324 3345 3365 3385 3404 

3424 3444 3464 3483 3502 3522 3541 3560 3579 3598 

3617 3636 3655 3674 3G92 3711 3729 3747 3766 3784 

3802 3820 3838 3856 3874 3892 3909 3927 3945 3962 

3979 3997 4014 4031 4048 4065 4082 4099 4116 4133 

4 J 83 4200 4216 4232 4249 4265 42 81 4298 

43 46 ( , 43G2 4378 4393 4409 4425 4440 4456 

447*. 4487 4502 4518 4533 4548 4564 4579 4594 4609 

4024 4639 4654 4669 4683 4698 4713 4728 4742 4757 

r 4771 4786 4800 4814 4829 4843 4857 4871 4886 4900 

4914 4928 4942 4955 49G9 4983 4997 5011 5024 5038 

r?!io 52Z 9 J 092 5105 5il9 5132 5145 5159 5172 

5J85 5198 5211 5224 5237 5250 5263 5276 5289 5302 

*>31o o3-S 5340 5353 5366 5378 5391 5403 5416j 5428 


5153 5465 
5575 5587 
5694 5705 
5809 5821 


6031 6042 
6138 6149 
6243 6259 
6345 6355 
6444 6454 
( 

6542 6551 
6637 6646 
6730 6739 
6821 6830 
6911 6920 

6998 7007 
7084 7093 
7168 7171 
7251 7259 
7332 7340 


5478 5490 5502 5514 5527 5539 5551 

5599 5611 5023 5035 6647 5658 557 0 

5717 5729 5740 5752 5763 5775 57«r» 

5832 5843 5855 5866 5877 5888 5899 

1.5944 5955 5866 5977 5988 5999 6010 


6053 6064 
6160 6170 
6203 6274 
6365 6375 
64G4 6474 

6501 6571 
6050 6665 
6749 G758 
6839 0848 
6928 6937 

701 G 7024 
7101 7110 
71S5 7193 
7267 7275 
7348 73 5G 


6075 6085 6096 6107 6117 

6180 6191 6201 6212 6222 

6284 6294 6304 6314 6325 

6385 6305 6405 6415 6425 

6484 6493 6503 6513 6522 


C580 6590 
6675 6684 
67G7 6770 
6857 6806 


7033 7042 
7118 7126 
7202 7210 
7284 7292 
7364 7372 


6599 6609 
6093 6702 
6785 6794 
6875 6884 
6964 6972 

7050 7059 
7135 7143 
£218 7226 
7300 7308 
7380 7388 


ThiB tublu of logarithms fs to the base 10 ^ 

base e-t+V * 1_ , _ 1 10 ‘ Na ^n logarithms are to a 

1-3 1-2-3 1-2- 34 ctc - See footnotes on opposite page. 
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Logarithms of Lumbers. Concluded 


7412 7419 
7490 7497 
7506 7574 
7642 7649 
7716 7723 

7789 7796 
7860 7868 
7931 *7938 
8000 8007 
8069 8075 

8136 8142 
8202 8209 
8267 8274 
8331 8338 
8395 8401 

8457 8463 
8519 8525 
8579 8585 
8639 8645 


8456 8762 
8814 8820 
8871 8876 
8927 8932 


9036 9042 
9090 9090 
9143 9149 
9196 9201 
9248 9^53 

9299 9304 
9350 9355 
9400 9405 
9450 9455 
9499 9504 

9547 9552 
9595 9600 
9643 9647 
9689 9694 
9736 9741 

9782 9780 
9827 9832 
9872 9877 
9917 992] 
9961 9965 


7435 7443 
7513 7520 
7589 7597 
7664 7672 
7738 7745 

7810 f818 
7882 7889 
7952 7959 
8021 8028 
8089 8096 

8156 8162 
8222 8228 
8287 8293 
8351 8357 
8414 8420 

8476 8482 
8537 8543 
8597 8003 
8057* 8003 
8716 8722 

8774 8779 
8831 8837 
8887 8893 
8943 8949 
8998 9004 

9053 9058 
9100 9112 
9159 9105 
9212 9217 
92G3i 9269 

9315 9320 
9305 9370 
9415 $420 
9465 9409 
9513 9518 

9562 9566 J * 
9G09 9614 
9657 9661 
9703 9708 
9750 9754 

9795 9800 
9841 9845 
9886 9890 
9930 t)934 
9974 9978 


7460 7474 
7543 7551 
7619 7627 
7694 7701 
7767 7774 

7839 7846 
7910 7917 
7980 7987 
8048 8055 
8116 8122 

8182 8189 
8248 8254 
8312 8319 
8376 8382 
8439 8445 

8500 8506 
8561 8567 
8621 8627 
8681 8686 
8739 8745 

» 8797 8802 
8854 8859 
8910 8915 
8965 8971 
9020 9025 

9074 9079 
9128 9133 
9180 9186 
9232 9238 
9284 9289 

9335 9340 
9385 9390 
9435 9 440 
9484 9489 
9533 9538 

9581 9586 
9628 9633 
9G75 9680 
9722 9727 
9768 9773 

9814 9818 
9856 986J 
9903 9908 
9948 9952 
9991 9996 


e = 2.718281828459. 

log 10 X 2.30259 = log e (Napierian logarithm) 
log e X 0.43429448 = log 10 (common logarithm). 
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Natural Sines* and Cosines 

Note. — F or cosines use right-hand column of degrees and lower lino of tenths. 


I 

Deg. °0.0 °0.1 °0 .2 °0 .3 °0.4 °0.5 °0.6 °0.7 °0.8 °0.9 


.UOOO tf .U3/0 U .U0W.5 U .UUIU U .tJDIO 1/ .WO^O U .UOOJ U .UOBU OO 

.0732 0 .0950 0 .0767, 0 .0785 0 .0802 0 .0819 0 .0837 0 .0854 85 
.0906 0 .0924 0 .0941 0 .0958 0 .0976 0 .0993 0 .1011 0 .1028 84 


7 0.1219 0.1236 0.1253 0.1271 0.1288 0.1305 0.1323 0.1340 0.1357 0.1374 82 

8 0.1392 0.1409 0.1426 0.1444 0.1461 0.1478 0.1405 0.1513 0.1530 0.1547 ‘81 

9 0.1564 0.1582 0.1599 0.1616 0.1633 0.1650 0.1668 0.1685 0.1702 0.1719 80° 

10° 0 .1730 0 .1754 0 .1771 0 .1788 0 .1805 0 .1822 0 .1 840 0 .1857 0 .1874 0 .1891 79 

11 0.1908 0.1925 0.1942 0.1959 0.1977 0.1994 0.2011 0 .2028 0 .2045 0 .2062 78 

12 0.2079 0.2096 0.2113 0.2130 0.2147 0.2164 0.2181 0.2198 0.2215 0.2232 77 

13 0 .2250 0 .2267 0 .2284 0 .2300 0 .2317 0 .2334 0 .2351 0 .2368 0 .2385 0 .2402 76 

14 0 .2419 0 .2436 0 -2453 0 .2470 0 .2487 0 .2504 0 .2521 0 .2538 0 .2554 0 .2571 75 

15 0 .2588 0 .2605 0 .2622 0 .2639 0 .2656 0 .2672 0 .2689 0 .2706 0 .2723 0 .2740 74 

16 0 .2756 0 .2773 0 .2790 0 .280* 0 .2823 0 .2840 0 .2857 0 .2874 0 .2890 0 .2907 73 

17 0 .2924 0 .2940 0 .2957 0 .2974 0 .2990 0 .3007 0 .3024 0 .3040 0 .3057 0 .3074 72 

18 0 .3090 0 .3107 0 .3123 0 .3140 0 .3156 0 .31 73 0 .3190 0 .3206 0 .3223 0 .3239 71 

19 0 .3256 0 .3272 0 .32S9 0 .3305 0 .3322 0,3338 0 .3355 0 .3371 0 .3387 0 .3404 70° 


U .dHU/ U .AVZA u .d'J.M i U U .AM i 1 U .31JS / U .4UvJ:j 0 .401 9 0 .4035 0 .4051 66 

0 .4067 0 .4083 0 .4099 0 .4115 0 .4131 0 .4147 0 .4163 0 .4179 0 .4195 0 .4210 65 

0 .4226 0 .4242 0 .425S|0 .4274 0 .4289 0 .4305 0 .4321 0 .4337 0 .4352 0 .4368 64 
0.4384 0.4399 0.4415)0.4431 0.4446 0 .4462 0 .4478 0.4493 0.4509 0.4524 63 ■ 
0 .4540 0 .4555 0 .4571 0 .4580 0 .4G02 0 .401 7 0 .4633 0 .4648 0 .4664 0 .4679 62 

0.4095 0.4710 0.4720 0.474 #0.4750 0.4772)0.4787 0.4802 0.4818 0.4833 61 
0 .4848 0 .4863 0 .4879 0 .4894,0 .4909 0 .4924 0 .4930 10 .4955 0 .4970 0 .4985 60° 


U .5299 U .5514 (1 .5529 U .5541 (J .6358 0 .5375 0 .5388 0 .5402 0 .5417 0 .5432 57 

83 0 .5446 0 .5461 0 .5476,0 .5490 0 .5505 0 .5519 0 .5534 0 .5548 0 .5563 0 .5577 66 

34 0 .5592 0 .5606 0 .562#0 .5635 0 .5650 0 .#004 0 .5678 0 .5693 0 .5707 0 .5721 55 

I 85 0 .5736 0 .5750 0 .5764 0 .5779 0 .5793 0 !5S07 0 .5821 0 .5835 0 .5850 0 .5864 54 

! 86 0 .6878 0 .5892 0 .5906 0 .5920 0 .5934 0 .5948 0 .5962 0 .5976 0 .5990 0 .6004 53 

37 0 .601 8 0 .6032 0 .60-46 0 .6060 0 .6074 0 .0088 0 .6101 0 .6115 0 .6129 0 .6143 52 

88 0.6157 0.6170 0.6184 0.6198 0.6211 0.6225 0.6239 0.6252 0.6266 0.6280 51 

39 0 .6293 0 .6307 0 .6320 0 .6334 0 .6347 0 .6361 0 .6374 0 .6388 0 .6401 0 .6414 50° 

40° 0 .6428 0 .6441 0 .6455 0 .6468 0 .6481 0 .6494 0 .6508 0.6521 0 .6534 0 .6547 49 

41 0 .6561 0 .6574 0 .6587 0 .6610 0 .6613 0 .6626 0 .6639 0 .6652 0 .6665 0 .6678 48 

42 0 .6691 0 .6704 0 .6717 0 .6730 0 .6743 0 .675G 0 .6769 0 .6782 0 .6794 0 .6807 47 

43 0 .6820 0 .68* 0 .6845 0 .6858 0 .6871 0 .6884 0 .6896 0 .6909 0 .6921 0 .6034 46 

44 0 .6947i0 .0959 0 .6972 0 .6984 0 .6997 0 .7009 0 .7022 0 .7034 0 .7046 0 .7059 45 
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•Natural Sines anR Cosines. Concluded 



Note. — F or cosines use right-hand column of degrees and lower line of tenths. 
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Natural Tangents and Cotangents • 

Noth. — For cotangents use right-hand column of degrees and lower line of 
tenths . 
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Natural Tangents an& Cotangents. Concluded 


Deg 

°0.0 °0.1 °0.2 °0.3 

°0.4 °0.5 °0.6 e 0.7 °0.8 °0.9 

_ 

45 

1 .0000 1 .0035 1 .0070 1 -OlOsjl .0141 1 .0176 1 .0212 1 .0247 1 .0283 1 .0319 

44 

40 

1 .0355 1 .0392 1 .0428 1 .0464 1 .0501 1 .0538 1 .0575 1 .0612 1 .0049 1 .0686 

43 

47 

1 .0724 1 .0761 1 .0799 1 .0837 1 .0875 1 .0913 1 .0951 1 .0990 1 .1028 1 .1067 

42 

48 

1 .1106 1 .1145 1 .1184 1 .1224 1 .1263 1 .1303 1 .1343 1 .1383 1 .1423 1 .1463 

41 

49 

1 .1504 1 .1544 1 .1585 1 .1626 1 .1667 1 .1708 1 .1750 1 .1792 1 .1833 1 .1875 

40° 

50° 

1 .1918 1 .1960 1 .2002 1 .2045 1 .2088 1 .2131 1 JM7i 1 .2218 1 32Gf 1 .2305 

39 

51 

1 .2349 1 .2393 1 .2437 1 .2482 1 .2527 1 .2572 1 .2617 1 .2662 1 .2708 1 .2753 

38 

52 

1 .2799 1 .2846 1 .2892 1 ,2938 1 .3985 1 .3032 1 .3079 1 .3127 1 .3175 1 .3222 

37 

53 

1 .3270 1 .3319 1 .3367 1 3416 1 .3465 1 .3514 1 .3564 1 3613 1 3663 1 3713 

36 

54 . 

1 .3764 1 3814 1 3865 1 3916 1 3968 1 .4019 1 .4071 1 .4124 1 .4176 1 .4229 

35 

55 

1 .4281 1 .4335 1 .4388 1 .4442 1 .4496 1 .4550 1 .4605 1 .4659 1 .4715 1 .4770 

34 

50 

1 .4826 1 .4882 1 .4938 1 .4994 1 3051 1 3108 1 3166 1 3224 1 3282 1 3340 

33 

57 

1 3399 1 3458 1 3517 1 3577 1 3G37 1 3697 1 3757 1 3818 1 3880 1 3941 

32 

58 

1 .6003 1 .6066 1 .6128 1 .6191 1 .6255 1 .6319 1 .6383 1 .6447 1 .6512 1 .6577 

31 

59 

1 .6643 1 .6709 1 .6775 1 .6842 1 .6909 1 .6977 1 .7045 1 .7113 1 .7182 1 .7251 

30° 

60° 

1 .7321 1 .7391 1 .7461 1 .7532 1 .7603 1 .7675 1 .7747 1 .7820 1 .7893 1 .7966 

29 

61 

1 .8040 1 .8115 1 .8190 1 .8265 1 .8341 1 .8418 1 3495 1 .8572 1 3650 1 3728 

28 

62 

1 .8807 1 3887 1 39G7 1 .9047 1 .9128 1 .9210 1 .9292 1 .9375 1 .9458 1 .9542 

27 

63 

1 .9626 1 .9711 1 .9797 1 .9883 1 .9970 2 .0057 fc.0145 2.0233 2 .0323 2 .0413 

26 

64 

2.0503 2.4059 2.0686 2.0778 2.0872 2.0965 2.1060 2.1155 2.1251 2.1348 

25 

65 

2.1445 2.1543 2.1642 2.1742 2.1842 2.1943 2.2045 2.2148 2.2251 4,2355 

24 

66 

2 .2460 2 .2566 2 3673 2 .2781 3 .2889 2 .2998 2 .3109 2 .3220 2 .3332 T.3U5 

23 

67 

2 .3559 2 3673 2 3789 2 3900 2 .4023 2 .4142 2 .4262 2 .4383 2 .4504 2 .4627 

22 

68 

2.4751 2.4876 23002 2 3129 2 3257 2 .5380 2 3517 2 3649 2 3782 2 3916 

21 

69 

2 .6051 2 .6187 2 .6325 2 .6464 2 .6605 2 .6746 2 .6889 2 .7034 2 .7179 2 .7326 

20° 

70° 

2.7475 2.7625 2.7776 2.7929 2.8083 2.8239 2.8397 2. 8556 2.8716 2.8878 

19 

71 

2.9042 2.9208 2.9375 2.9544 2.9714 2.9887 3. 00G1 3 .0237 2 .0415 3 .0595 

18 

72 

3.0777 3.0961 3.1146 3.1334 3.1524 2.173G 3.1910 3 .2106 3 .2305 3 .2506 

17 

73 

3 .2709 3 .2914 3 3122 3 3332 3 3544 3 .3759 3 .3977 3 .4197 3 .4420 3 .4646 

16 

74 

3 .4874 3 .5105 3 .5339 3 3576 

3 3816 3 .6059 3 .6305 3 .6554 3 .6806 3 .7062 

15 

75 

3.7321 3.7583 3.7848 33118 

3 .8391 3 .8667 3 .8947 3 .9232 3 .9520 3 .9812 

14 

76 

4.0108 4.0408 4.0713 4.1022 

4.1335 4.1G53 4.1970 4 3303 4.2G35 4 3972 

13 

77 

4.3315 4 3662 4.4015 4.4374 

4.4737 4.5107 4-5483 4.5864 4.6252 4.6646 

12 

78 

4.7046 4.7453 4.7867 4328S 

4 .8716 4 .9152 4 .5594 5 .0045 5 .0504 5 .0970 

11 

79 

5 .1446 5 .1929 5 .2422 5 3924 

5 3435 5 3955 5 .4486 5 3026 5 .5578 5 .6140 

10° 

80° 

5.6713 5.7297 5.7894 5.8502 

5.9f 24 5.9758 6.0405 £.1066 6.1742 6 3432 

9 

81 

63133 6.3859 6.4596 6.6350 

6.6122 6.6912 6.7720 6.8548 6.9395 7.0264 

8 

82 

7.1154 7 3066 7 3002 7 3962 

7 .49£r 7 .5958 7 .6996 7 3062 7 .9158 8 .0285 

7 

83 

8.1443 8.2636 8.3863 83126 

8 .6427 8 .7760 8 .9152 9 .0579 9 3052 9 .3572 

6 

84 

9.5144 9.677 9.845 10.02 

10 30 10 39 10.58 10.78 10.99 1130 

5 

85 

11.43 11.66 11.91 12.16 

12.43 12.71 13.00 13 30 13.62 13.95 

4 

86 

14 30 14.67 15.06 15.46 

15.89 16.35 16.83 1734 17.89 18.46 

3 

87 

19.08 19.74 20.45 2130 

22.02 22.90 23.86 24.90 26.03 27 37 

2 

88 

28.64 30.14 31.82 33.69 

35.80 38.19 49.92 44.07 47.74 52.08 

1 

89 

57 3 9 63.66 71.62 81.85 

95.49 114.6 143.2 191.0 286.5 573.0 

0° 


°I 0 °0.9 °0. 8 °0 7 

°0 6 °0 5 °0.4 SO . 3 °0.2 °0.1 

- ft- 

Deg. 


Note. — For cotangents use right-hand column of degrees and lower line of 
« tenths. 
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ANALYTIC GEOMETRY 

The Straight Line. — The equation of the straight line in i\a 

simplest form is * + ^ = 1, where a and b are the intercepts 

of the line on the axes of A" and Y respectively. 

The other useful equations of the straight line are: y = mx + 
b, where m is the tangent which the line makes with the axis of 
X. The equation of a line passing through a given point 
(xi, y i) is y — y i = m{x — Xi) where m is entirely indetermin- 
ate, since afciy number of lines may pass through a point. The 
equation of a line passing through two points is 


V ~ 2/i 


Vi- y i 

Xi — Xi 


#• 

(x — Xi) 


The distance between two points Xi, ?/i and x 2 , y 2 is: 


D = V'(x 2 - xO 2 + (y 2 — yi ) 2 
Distance from a point Xi, y i to a line ax + by + c — 0 is: 
j _ a r K + bjh -h c 
\/ a 2 + b* 

The equation of an airgle between two lines y = mx + b 
and y — m'x -f 6' is: 


tan 4 > 


m! — m 
1 -f mm' 


The Circle. — The circle is the locus of all points in a plane 
equidistant, from a given point. 

The equation of a circle whose center lies at the origin is: 
x 2 + y 2 = r- 

lf its center lies at (a, b): 

(x — + (y — &) 2 = r 2 

If the origin lies on the left extremity of the diameter, the 
equation is : 

(x — ?-) 2 T* (y — 0) 2 = r 2 (as .above) 
or simplifying 

<11 7/ 2 == Sex — x 2 

The Ellipse. — The ellipse is the locus of a point moving in a 
plane so that the sum of its distances from two points in the 
plane is a constant. The ratio of the constant sum (the major 
diameter) to the distance between the foci is known as the 
eccentricity, c. . 

The area of an ellipse = times the product of the semi-diam- 
eters. •* 

The equation of the ellipse is 

a 2 +,52 = 1 (center at the origin) 


The tangent to the above ellipse through the point of tan- 
gency x h y x is 


xx i = yy± ^ t 

or b 2 1 
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# The Parabola. — The parabola is the locus of a point moving 
in a plane so that its distance from a point (the focus) in the 
plane is always equal to its distance from a line (the directrix) 
in the plane. Its equation, the curve passing through the 
origin and its focus lying on the axis of X is y 2 = 4px, polar 

coordinates p = p sec 2 where 4p is the double ordinate 

through the focus. A tangent to a parabola through the point 
of tangency x x , y x , is yy x = p{x -f x x ). 

The tangent at an^ point makes eqifal angles with the axis 
and a line from the point of tangency to the focus. The parab- 
ola has no finite asymjftotes. 

The Hyperbola. — The hyperbola is the locus of a point mov- 
ing in a plane so that the differences of its distances from two 
fixed points in the plane is a constant. Its equation, with its 
center at the origin and its foci on the axis of x is 

& _y* _ , 

a 2 6 2 

Equilateral hyperbola : x 2 — y 2 = a 2 . 

Equilateral hyperbola referred to Jts axes as asymptotes: 
xy = c 2 (This is the isothermal curve of pressure and volume 
in gases). 

Equation of the asymptotes 

x = V .x = _y 
a b ’ a b 

The tangent to a hyperbola bisects the angle formed by the 
two lines drawn from the point of tangency to the foci. 

The Cycloid. — The cycloid is the curve generated by a point 
in the circumference of a circle rolling on a straight line. It 
consists of an infinite number of equafc arches. 


X = a cos 1 


a — y 

a 


y/ 2 ay — y l or 


x — a(0 — sin 0 ) 
y = a(l — cos 0) 


The Epicycloid and Hypocycloid. — The epicycloid is generated 
by a point in the circumference of a circle rolling upon another , 
circle. The hypocycloid is the curve generated by a point on 
the circumference of a circle roiling inside another circle. 


I , „ t a + b n 

x = (a + b) cos 0 — b cos — ^ — 0 

, „ . . . a + b 

y = (a + o) sin 0 — b sin — j — 0 

I x - (a — b) cos 0 + b cos ■» 0 

, „o - 5 

y — (a — b) sin 0 — o sirr — ^ — 0 

where a is the radius of the main circle, and b of t*fie generating 
circle. * « 

Cubical Parabola. — Formula, a 2 y = x z .* 

Semicubical Parabola. — Formula, ay 2 = x 3 . 
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Witch of Agnesi. — Formula, y - 
Cissoid of Diodes. — Formula, y 2 = 


p = 2a tan 0 sin 0. 

This and the conchoid were invented to solve the problems 
of the duplication of the cube, i.e., given a cube, a 3 , whose side is 
a, to construct the side of a cube, 2a 3 . 

Lemnisctite of Bemovilli. — Formula, (s 2 + V 2 ) 2 = a 2 {x 2 — y 2 ) 

p 2 = a 2 cos 0. 

This and the following have a singular point at 0, 0. 


Strophoid. — Formula, y 2 



p = a(cos 0 — sin 0 tan 0). 


Cardioid. — Formula, x- + y 2 + ax = ay/ x 2 + y 2 
f x = a cos 0(1 — cos 0) 

\ ?/ = a sin 0(1 — cos 0) 
p = a(l — cos 0) 

This is a special case of* the epicycloid in which the generating 
circles are equal. 

The Probability Curve. — Formula, y = e~ x2 . 

The Caternary. — The caternary is the curve assumed by a 
uniform, completely flexible cord supported at its two ends. 
Its equation is 

X X 

y = 2 ( c ° 4 c ~ a ) 


where v is the base of the Napierian system of logarithms. 

The Involute. — The involute is the curve described by a point 
in a string which is being kept taut and unwound from a 
cylinder. 

( x v= a(cos 0 + 0 sin 0) 

\y — a(sin 0+0 cos 0) 


0 = 


v P *~- 


— ,tan' 


■i Vp 2 - a 2 


The Spiral of Archimedes is a curve described by the extrem- 
ity of a radius vector which lengthens in proportion to the angle 
traversed. That is, the turns are equidistant from each other. 

P = ad 

Hyperbolic Spiral. — Formula, p0 = a. 

Logarithmic Spiral. — Formula, p = e°0. 

Lituus. — Formula, p 2 0 = a'K 

< . f ' CALCULUS 

• Elementary Differentials 
d(c) = 0 
• d(x) = 1 
d(cu) = cdu 
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d(cx), = c 

d{u ± v ± w • • • ) = du + dv ± dw 
d(uv ) = vdu ■+■ udv 
d(uvw ) = t>w>dw -j- vivdv + 
djuv w) __ du . dv dw 

uvw ~ u ' v w 


d{u n ) = nu n ~ l du; d(x n ) = nx n_1 


,W t>dw — 
* 


d(sin a:) = cos x 
d( sec x) = sec x t?ln x 
. d(cot x) = — * esc 2 x 
dw 

dsin_1 “= 

du 

d sec -1 u = 


d(tan x) = sec 2 x 
d(eos x) = — sin x 
d(csc x) = — esc x cot x 

du 


d tan 1 a — 


1 + u* 


wVw 2 — 1 


d cos 1 u = — 


d vot~ l u = — ^ „ 

1 + w 3 

du 


du 

y/\ — u 
du 

dcsc ~'u ^ — 7 =^ 

♦ wvw 2 — 


w ; d log,, X = log„ e = x 


d loga u = loga e 

J 1 du 

d log* u = 

u 

da u = a u log* adu 
de u = e u du 

Fundamental Integrals 1 

f adx = ax 
/a/(x)dx = a //(xjdx 

J^ X = log X 

4-1 

Jx m dx = when rn is different from —1 

/ e x dx = e x 
Ja x log adx = a x 

/r+^ = ta,1_1 * 

dx 


Vf 

dx 

^x\/a; a - 
dx 

■^V2 x - 


-- = vers 
x 2 


1 For the more complicated integrals, see B. <$>. Pierce's “Short Table 
of Integrals” and the various works on integral calculus. 
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J cos xdx = sin x 
J sin xdx = — cos x 
J cot xdx = log sin a; 

J tan xdx = — log sin x 
J tan x sec xdx = sec x 
/ sec 2 xdx = tan x 
J esc 2 xdx = — cot x 

J Lf(x) + <p(x) + t(x)\dx = J/(x)dx -f JV(x)dx -f 

f\p (x)dx 

Judt — uv — Jvc^u where u and v are functions of x 

f dv j r du , 

J u^xlx = uv — J v ^~dx 

■ If(y)dy 

ff(y)dx = dy 
dx 

f sin 2 xdx = — A A cos x sin x + %x 
f sin 3 xdx = cos a* (sin 2 x + 2) 

r . , sin*” 1 x cos x . n — 1 C . „ , 

J sin” xdx = — _ _ . . — l I sin n_2 

t n n J 

/ cos 2 xdx = M si n a; cos a: -f- J/^x 
J cos 3 xdx = sin x(cos 2 x + 2) 

f • _ , cos*” 1 a; sin a . n — 1 f „ , 

fcoa n xdx = — - 1 J cos*” 2 xdx 

n n J 

J sin a; cos xdx = sin 2 a; 

J tan 2 xdx = tan x — x 

f tan* xdx = tan - - - - T tan*” 2 xdx 
w — 1 «/ 

/ cot 2 xdx = — cctf x — x t< 

/ cot* xdx = — — — r ~ f cot*” 2 xdx 
n - 1 J 

f sin ” 1 xdx = a; sin ” 1 a; + y/ \ — x 2 
/ cos ” 1 xdx =• x cos ” 1 a: — •VT~— ~x* 
f tan ” 1 xdx = x tan ” 1 x -> ^ log (1 + x 2 ) 

J cot” 1 xdx = x cot” 1 x + log (1 -f z 2 ) 

dx 

a 

c = 2.718281828459 
log f x = 2.302585H logio x 



SECTION II 


METALLURGICAL PRICE AND PRODUCTION 
STATISTICS* 


Metal Prices 

For the current figures on metal prices it is, of course, neces- 
sary to refer to the “ Engineering and Mining Journal.” But it 
is often convenient to have the figures for some years back, for 
instance in computing mine valuations, or in calculations on 
metallurgical processes where the value of a metal over a term 
of years enters into the problem. For that reason I have 
introduced the following tables. 


Average Prices of Iron, Quicksilver, Antimony and 
Platinum 



Iron, basic 
pig, valley 
furnaces per 
gross ton 

Quicksilver, 
dollars per 
flask 

(flask = 75 
lb), N. Y. 

Antimony, 
cents per 
pound, 
ordinaries 

Platinum, 
dollars per 
ounce, N. Y. 

1915 

14 71 

r 87.01 

♦ 30.280 

47.13 

1916 

19.87 

125.49 

25.370 

83.40 

1917 

38.52 

106.30 

20.690 

102.82 

1918 

32.50 

123.47 

* 12.581 

105.95 

1919 

27.88 

92.15 

8.190 

114.61 

1920 

41.40 

81.12 

8.485 

110.90 

1921 

21.07 

45.46 

4.957 

75.03 

1922 

24.43 

58.946 

5.471 

97.618 

1923 

25.87 

66.502 

7.897 

116.537 

1924 

20.29 

69.761 

10.836 

118.817 

1925 

19.70 

83.128 

17.494 

119.093 

1926 

19.30 

91 . 903 

15.988 

113.269 

1927 

17.76 

118.159 

42.393 

84.636 

1928 

16.65 

123.506 

10.305 

* 78.580 
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Monthly Prices op Electrolytic Copper at New York 
for 20 Years € 

(In Cents per Pound) m 



1908 


1010 

1011 

1912 

1913 

1914 

1915 

Q 

1917 

Jan 

13.726 


■ 

0H 

Mjg 

Mi 

HH 

Mil 


28.673 

Feb. . . . . f 

12.905 

12.949 

13.332 

12.256 

Bra 

14.971 

14.491 

14.394 



March 

12.704 

12.387 

13*255 

12.139 

14.698 

14.713 

14.131 

14.787 

SSI 


April 

12.743 

12.562 

12.738 

12.019 

15.741 

15. *291 

14.211 

16.811 

2H 

27.935 

May . 

12.598 

12.893 

12.550 

11.989 

16.031 

15.436 

13.996 

18.506 

un 

28.788 

June 

12.675 

13.214 


12.385 

17.234 

14.672 

13.603 

19.477 


29.962 

July .. 

12.702 

12.880 


BUI 

17.190 

pus 

13.223 



26.620 

Aur 

13.462 

13.007 


5H 

17.498 


l 

16.941 



Sept. 

13.388 

12.870 

12.379 

12.201 

17.508 

16.328 

1 

17.502 

26.855 

25.073 

Oct . 

13.354 


12. *53 

12.189 

17.314 

16.337 

i 

17.686 

27.193 

£151 

Nov . . . 


13.123 

12.742 



15.182 

11.739 




Deo. . # . 

14.111 

13.298 

12.581 



14.224 

12.801 




Year's aver- 
age 

13.208 

12.982 

12.738 

12.376 

16.341 

15.269 

13.602 

17.275 

27.202 

27.180 


— Jl 

i 1918 

1 

1 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

Jan. . . 

23 500 

(a) 

18 <fiS 

12 597 

13 405 

f4 510 

12 401 

14 709 

13 822 

12 990 

Feb... . 

23 500 

16 763 

18 569 

12 550 

12.804 

15 355 

12.708 

14 463 

13 999 

12 682 

March. . . 

j 23 500 

14 850 

18*331 

11 976 

12 507 

16 832 

13 515 

14 004 

13 859 

13 079 

April . . . 

25 500 

15 g40 

18 600 

12 438 

12 573 

16.603 

13 206 

13.252 

13 706 

12 808 

May . . 

23 500 

15 864 

18 484 

12 742 

« 

13 111 

15 440 

12.772 

13 347 

13 599 

12 621 

June. . . . 

23 500 

17.010 

18 005 

12 697 

13.575 

14 663 

12 327 

13 399 

13 650 

12.370 

July 

25 904 

21 601 

18 576 

12 170 

13 654 

14 321 

12 390 

13 946 

13 924 

12 532 

Aug 

26.000 

22 319 

18 340 

11 634 

13.723 

13 822 

13.221 

14 490 

14.174 

12 971 

Sept 

26 000 

21.755 

If. 144 

111 948 

13 748 

13.323 

12 917 

14 370 

14 062 

12 940 

Oct 

2^000 

21 534 

15 934 

12 673 

13.632 

12.574 

12.933 

14 300 

13.862 

12 958 

Nov ... . 

[26 900 

19^758 

14 257 

13 035 

13 598 

12 727 

13.635 

14 353 

13.576 

13 319 

Dec..' ‘ 

G*> 

18 295 

13.188 

13 555 

14.074 

12 823 

14 260 

13 866 

13 302 

13.774 

Year’s aver- 
age 

24.628 

18.691, 

,17 456 

12.502 

1 1 tuo 

14.421 

13.024 

14*042 




lil 



13.795 

12.920 

jno market. 


A t HIM KCt. " 

These figures from the Engineering and Mining Journal. 
1 No quotations. 
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Monthly Prices or Lead jk New York for 20 Years 


(In Cents per Pound) 



.1908 

1909 

1910 

1911 

1912 

1913 

! 

1914 

1915 

1916 

1917 

Jan 

3.691 

4.175 

4.700 

4.483 

4.435 

4.321 

4.111 

3.729 

5.921 

7.626 

Feb 

3.725 

4.018 

4.613 

4.440 

4.026 

4.325 

4.048 

3.827 

6.246 

8 636 

March 

3.838 

3.986 

4.459 

4.394 

4.073 

4.327 

3.970 

4.053 

7 136 

9.199 

April 

3.993 

4.168 

4.376 

4.412 

4.200 

4.381 

3.810 

4.221 

7.630 

9.288 

May 

4.253 

4.287 

4.815 

4.373 

4.194 

4.342 

3.900 

4.274 

7.463 

10 207 

June 

4.466 

4.350 

4.343 

4.435 

4.392 

4.325 

3.900 

5.932 

fk936 

11.171 

July 

4.447 

4.321 

4.404 

4.499 

4.720 

4.3OT 

3.891 

5.659 

6.352 

10.710 

Aug 

4.580 

4.363 

4.400 

4.500 

4.569 

4.624 

3.875 

4.656 

6.244 

10 594 

Sept 

4.515 

4.342 

4.490 

4.485 

5.048 

4.698 

3.828 

4.610 

6 810 

8 680 

Oct 

4.351 

4.341 

4.400 

4.265 

5.071 

4.402 

3.528 

4.600 

7.000 

6.710 

Nov 

4.330 

4.370 

4.422 

4.298 

4.615 

4.293 

3.683 

5.155 

7 042 

6 349 

Dec. ..'... . 

4.213 

4.560 

4.500 

4.450 

4.303 

4 047 

3.800 

5 355 

7 513 

6.375 

Year’s av- 



1 








erage. . . . 

4.200 

4.273 

4.446 

4.420 

4.471 

4.370 

3.862 

4.628 

6.858 

8 787 


These figures from the Engineering and Mining Journal . 



1918 

1919 

1920 

1921 

1922 

19|3 

1924 

1925 

1926 

1927 

Jan 

.Feb 

March 

April 

Mav 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec .... 

6.782 

6.973 

7.201 

6.772 

6.818 

7.611 

8.033 

8.050 

8.050 

8.050 

8.050 

6.564 

5.432 

5.057 

5.226 

4.982 

5.018 

5.340 

5.626 

5.798 

6.108 

6.487 

6.808 

7.231 

8.561 

8.814 

9.145 

8.902 

8.576 

8.323 

8.338 

8.687 

8.177 

7.070 

6.159 

4.727 

1 1 

4.821 

4.373 

4.084 

4.356 

4.952 

4.485 

4.410 

4.382 

4.600 

4.690 

4.683 

*.700 

4.700 
4.700 
4.720 
5.115 
5.420 
5.745 
5.729 
5.824 
6.110 
6 . 530 
7.047 
7.163 

7.633 
8.050 
8.252 
8.101 
7.306 
7.146 
6.237 
6.582 
6.856 
6.831 
6.846 
7. W9 

7.972 
8.554 
9 013 
8.263 
7.269 
7.020 
7.117 
7.827 
8.000 
8.235 
8.689 
9.207 

10.169 
9 428 
8.914 
8.005 
7.985 
8.321 
8.151 
9.192! 
9.508 
9.513 
9.739 
9.310 

9.255 
9 $54 
8 386 
7.971 
7.751 
8.033 
8.499 
8.908 
8.786 
8 402 
8.005 
7 855 

7.577 
7.420 
7.577 
7.126 
6.616 
6.414 
6.344 
6.681 
6 . 297 
6.250 
8.259 
6.504 

Year’s av- 
erage — 

7.413 

5.759 

7.957 

4.545 

5.734 

7.267 

• 

8.097 

9.020 

8.417 

6.755 


• • 

United States Production # of Mineral and Chemical 
Substances 1 



1925 

1926 

1927 

1928 

Arsenious oxide, short 

tons 

Bauxite, short tons. . 
Cement, short tonB. . 

Anthracite 

Coal, bituminous 

Iron ores 

n 

m 




1 Year Book ef the American Bureau of Metal Statistics. 
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Monthi/t Prices op Silver at New York por 20 Years 

(In Cents per Fine Troy Ounoe) 



1908 


1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

Jan 

66.678 

51.750 

52.375 

63.795 

in 





75.630' 

Feb 

66.000 

51.472 

51.534 

52.222 

59.043 

61.642 

57.506 

48.477 

56.755 

77.586 

March 

56.365 

50.468 

51.454 

52.745 

58.375 

57.870 

58.067 

50.241 

57.936 

73.861 

April 

&.505 

5L.428 

53.921 

53.325 

59.207 

59.490 

58.519 

50.250 

64.415 

73.875 

May 

52 795 

52.905 

53.870 

53.308 

60.880 

60.3^1 

58.175 

49.915 

74.269 

74.745 

June 

53.663 

52.638 

53.462 

53.043 

61.290 

58.990 

56.471 

49.034 

65.024 

70.971 

July 

53.116 

51.043 

54.150 

52 630 

60.654 

58.721 

54.678 

47.519 

62.940 

79.010 

Aug . . . , . 

51.683 

51.125 

52.912 

52.171 

61.606 

52.293 

54.344 

47.163 

66.083 

85.407 

Sept 

51 720 

51.440 

53.295 

52.440 

63.078 

60.640 

53.290 

48.680 

68.515 

100 740 

Oct 

51.431 

50 923 

55.490 

53.340 

63.471 

60.793 

50.654 

49.385 

67.855 

87 332 

Nov 

49 647 

50.703 

55.G35 

55.719 

62.792 

58 995 

49 082 

51.714 

71 604 

85 891 

Dec 

48.769 

52 226 

54.428(54 905 

63 365 

57.760 

49.375 

54.971 

75.765 

85 960 

Year’s , 
average. 

52.864 

51.502 

53.48flj53.304 

60.835 

59.791 

54.511 

49.684j65.661 

81.417 



1918 

1919 

1920 

1921 

1922 

1923 

| 1924 

1925 

1926 

1927 

Jau 

88.702 

101.125 

132 827 

65.950 

1 05.450 

1 65.668 

|63 447 

68.447 

67.795 

55 795 

Feb 

85.716 

101 125 

131.^95 

59.233 

65.290 

64.313 

L . 

1 64. 359 

68.472 

66.773 

57.898 

March 

88.082 

101.125 

125 551 

56.023 

64.440 

67.556 

(63.057 

67.808 

65.880 

55.306 

April.. . 

95 346 

101.125 

119^779 

59.337 

66 575 

06.855 

i64. 139 

66.899 

64.409 

56.399 

May.. . . 

99.505 

107.135 

102.585 

59.810 

71 154 

67.043 

(65.524 

67.680 

65.075 

56.280 

June. . . 

99.500 

110.4^0 

90.957 

58 510 

ft . 149 

64 801 

j 66 690 

69.106 

65.481 

56 709 

July. . . 

99.625 

106.394 

91.971 

60 260 4 

70.245 

63.015 

67 159 

69.442 

64.793 

56.360 

Aug . . . 

100 292 

111.370 

96 1G8 

61.597 

69.417 

62.793 

68.519 

70.240 

62.380 

54.718 

Sept. . . . 

101 125 

114.540 

93.675 

66.160 

69.515 

64.203 

69.350 

71.570 

60.580 

55.445 

Oct 

101.125 

119 192 

8^.480 

70.970 

68.015 

63.649 

70.827 

71.106 

54.505 

50.035 

Nov. . . . 

101. 1£5 

127.924 

77.734 

68.234 

65.177 

63.818 

67.299 

69.223 

54.141 

57.474 

Dee. 

101 . 125 

131.970 

64.774 

65.760 

63.905 

64 705 1 

68.096 

68.889 

53.446 

57.957 

Year’?_ 

average 

96.75? 

a 

111.122 

100.900j62 654 

67 528 

64.873 

66.781 

69.065 1 

62.107 

56.370 


.UD^dTS!«, r 925 I toe. XOrk i9 80ld by tht fiM Ounoe ' 909 ' in by 
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Monthly Pricks of Spelter St. Lotris for 20 Years 

• (In Cents per Pound) 



•1908 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

Jan 

4.363 

4 991 

5 951 

5.302 

6.292 

6.854 

5.112 

6.211 

16.745 

9.449 

Feb 

4.638 

4 739 

5.419 

5 368 

6.349 

6.089 

5.228 

8.255 

18.260 

i 9.875 



im 

5.487 

5.413 

6.476 


EBB 

8.366 

16.676 




4 815 

5 289 

5.249 

6.483 

5.49? 

4.663 

9 837 

1(T. 525 

9.289 

May 

4.458 

4 974 

5.044 

5.198 

6.529 

5.256 

4.024 

14.610 

14 106 

9.192 

June. . . . 

4.393 

5.252 

4.978 

6.370 

6.727 

4 974 

4.850 

21.038 

11.582 

9.201 

July 

4.338 

6 252 

5.002 

6.545 

6.966 

5.128 

4.770 

18 856 

8.755 

8.473 

Aug 

4.556 

5.579 

5.129 


6.878 


5.418 

12.611 

im 

m 

Sept 

4.619 

5 646 

5 364 

5.719 

7.313 

5.444 

5 230 

13 270 

8 820 

7 966 

Oct 

4 651 

6 043 

5 478 

5 951 

7.27C 

5.188 

4 750 

12 596 

9 659 

7 813 

Nov 

4 909 

6.231 

5 826 

6 223 

7.221 

5 J83 

4 962 

15.792 

11.422 

7.672 

Doc 

4 987 

6 099 

5 474 

6 151 

7.081 

5 004 

5 430 

15 211 

10 495 

7 510 

Xear’B aver- 
age ! 

4.578 

5 352 

5.370 

5.608 

6 799 

5.504 

5.061 

13.054 

12.634 

8 730 




1918 

1919 

1920 

1921 

1922 

1923 

1924 

I 

1925 

1926 

4927 

Jan.. 

7 661 

6 922 

9.133 

5 413 

4 691 

6 815 

6.428 

7.738 

8 304 

' 6 661 

Feb 

7 639 

6 273 

8 708 

,4 928 

4 485 

7. V>2 

6 756 

7.480 

7 759 

6 673 

March 

7.286 

6 150 

8.531 

4 737 

4 658 

7.706 

6 488 

7.319 

7 332 

6 692 

April 

6 715 

6 114 

8.184 

4.747 

4 906 

7.19V 

6 121 

6 985 

7.001 

6 338 

May 

7.114 

6 079 

7.588 

4.848 

5.110 

6 625 

5 793 

6 951 

6 821 

6 075 

Juno. ...... 

7.791 

6 551 

7.465 

4.421 

*5.346 

6 031 

5 792 

6 990 

7 112 

6 213 

July 

8.338 

7 523 

7.720 

4 239 

5.694 

6.089 

5.898 

7.206 

7 411 

6 229 

Aug 

8.635 

7 160 

7 835 

4.186 

6.212 

6 325 

6.175 

7 576 

7 376 

6 342 

Sept 

9.092 

7.473 

7.601 

4.235 

6.548 

6 438 

6.181 

7.753 

7.413 

6 212 

Oct 

8.451 

7 827 

7.150 

4.605 

6 840 

6 29$ 

6.324 

8.282 

7.296 

5 996 

Nov 

8.141 

8.350 

6 247 

4.605 

7.104 

6 347 

0.796 

8 6V 

7.199 

5.745 

Doc 

7 813 

8 350 

5 824 

4 837 

6 999 

6.260 

7.374 

8.565 

7.018 

5 722 

V oar’s aver- 
age 

7.890 

C.988 

7.671 

4.655 

5.716 

6.607 

" % 

6.344 

7.692 

7.337 

6.242 
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Monthly Prices of Tin a* New York for 20 Years 

(In Cents per Pound) 




1908 


1910 

1911 

1912 

1913 

1914 

1915. 


1917 

Jan .... 











Feb.... 


28.978 

28.290 

32 020 

|41. 614 42.962 

48 766 

39.830 

37.415 

42 717 

51 420 

Mar 


30 577 

28.727 

32 403 

40.157 

42.577 

46.832 

38.038 

48.426 

50 741 

54 388 

Apr . . . 

— W 

31.702 

29.445 

*2.976 

42 185 

43 923 

49.115 

36.154 

47.884 

51.230 

55.910 

May . . 


30.015 

29.225 

33 125 

43.115 

46 053 

49.038 

33.360 

38 790 

49.125 

63 173 

June . . 


28.024 

29 322 

32.769 

44.605 

45.816 

44.820 

30.577 

40.288 

42 231 

62 053 

July . . 

■ * 1 • 

29 207 

29.125 

32.695 

42 406 

44.519 

40.260 

31.707 

37 423 

38 510 

62.570 

Aug . . 


29 942 

29.966 

33.972 

43 319 

45 857 

41 582 

(a) 

34 389 

38 565 

62.681 

Sept 


28 815 

30.293 

34 982 

39 755 

49 135 

42.410 

32.675 

33 125 

38.830 

61 542 

Oct 


29.444 

30.475 

36 190 

41 185 

50 077 

40 462 

30 284 

33 080 

41.241 

61 581 

Nov . . 


30 348 

30 869 

36 547 

43.125 

49 891 

39.810 

33 304 

39 224 

44 109 

74.740 

Dec . . . 


29 144 

32 913 

38 199 

44 655 

49 815 

37 635 

33 601 

38 779 

42 635 

87.120 

Year’s aver- 
age 

29 465 

29.725 

34.123 

42.281 

46.090 

44.252^ 

1 

34 300 

38 590 

43 480 

61 802 


These figures from the Engineering and Mining Journal. 
(a) No quotations. 



1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

Jan 

85.500 

67.702 

61 *506 

30 000 

31.4S0* 

37 986 

48 750 

57.692 

62 275 

66.415 

Feb 

92 000 

66.801 

59 932 

32 142 

29 835 

40 693 

53 272 

56 517 

63 705 

69 142 

March 

(a) 

67 934 

61 926 

28 806 

28 426 

46 569 

54 870 

53 038 

64 505 

69.199 

April 

(a) 

72(500 

62.115 

30 404 

?9 810 

44 280 

49.957 

51 380 

63 389 

67 933 

May .... 

(a) 

72 500 

55 100 

32 50Q 

30 149 

42.346 

44 111 

53.675 

62 305 

67 510 

June .... 

(a) 

71 240 

48.327 

29 423 

30.707 

40 375 

42 765 

54 885 

60 611 

67 466 

July 

(a) 

68 000 

49 154 

27 655 

31 025 

37.970 

46 250 

56 683 

63 091 

64 110 

Aug . . . . . | 

Co) 

57 226 

47 620 

26 301 

32 134 

38 841 

51 909 

56.649 

65 260 

64 431 

Sept 

(a) 

54 482 

A 405 

26 680 

32 075 

41 047 

49 095 

56 405 

68 895 

61.490 

Oct 

V) 

54 377 

40 555 

27 655 

33.935 

41 322 

50 538 

60.462 

70.245 

58.450 

Nov 

(a) 

53 € 307 

36 854 

28 935 

35 911 

43.495 

54.348 

62 136 

70 630 

57 641 

Dec.. 1 ' . V. 

fa) 

53 870 

34 058 

32 486 

36 480 

46 662 

5G 245 

61.952 

68 514 

58.452 

Year's aver- 
age 

(o) 

63 328 J 

50 134 

29 916 

31 ^31 

41 799 

50 176 

56 790 

65.285 

64.353 


(a) No average computed. 
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. World’s Production of Aluminum 1 

(In Metric Tons) 



1924 

1925 

1926 

1927 

1928 

United States. . ... 

Canada 

France ... 

Switzerland. . ... 

Germany 

Austria-Hungary 

England . ... 

Norway 

Italy .... 

68.300 
12,500 

16.300 
20,000 
18,700 

2,200 

7,000 

20,000 

*2,100 

68,200 

12,500 

18,400 

22,000 

26,200 

3,000 

9,700 

21,300 

1,900 

70.000 

12.000 

23.600 
22,000 

29.600 
tf,000 

7,300 

24,400 

1,900 

73.000 

23.000 
19,640 

21.000 
27,400 

2,500* 

7,900 

20,847 

2,544 

80,000 

40.000 

23.000 

20.000 

30.000 

2.500 
7,000 

19.000 

3.500 


167,100 

183,200 

193,800 

197,831 

224,850 


i Year Book of the American Bureau of Metal Statistics. The figures for 
the United States are largely conjectural. 


Monthly Average Prices of Aluminum in New York 

(In Cents per Pound) 



1919 

1920 

1921 

1922 

1923 

19?4 

1925 

1926 

1927 

1928 

Jan 

Feb 

March 

April 

May 

June . . . . 

July 

Aug 

Sept* 

Oct 

Nov 

Dec . . . 

33.10 
32.26 
29.81 
30.67 
32 21 
32 83 
32.57 
32.23 
32.50 
32 50 
32.50 
32.48 

32.00 

31.83 
31.50 
31 . 61 
31 . 95 
32 00 
32.00 
32.21 
31 . 44 
29.12 
27.80 

23.83 

22.86 

24.50 
23.44 
23.25 
23.06 
22.75 
22.65 
20.22 
19.02 
17.85 

17.50 
17.50 

17.74 

17.33 

17.52 
18.07 
17.92 
17.87 
17.87 
17.87 
18.26 
20.32 
#0.87 

22.52 

22.75 

23.25 

24.95 

20.00 

26.24 

26.25 
26.25 
26.07 
25.50 
25.50 
25 . 80 
26 31 

27.61 
27.71 
27.57 
27.46 
26.43 
26.37 
26.37 
26.52 
27.24 
27.16 
27 .*K) 
27 00 

27.00 

27.00 

27.00 

27.00 

27.00 

27.00 

27.00 

27.00 

27.00 
27.24 

28.00 
28 00 

27.00 

27.00 

27.00 

27.00 

27.00 

27.00 

27.00 

27.00 

27.00 

27.00 

27.00 

26.85 

26.3^ 

25 83 
25 55 
25.55 
25.55 
25 55 
25 55 
25 55 
25 55 
25 29 
24.30 
24.26 

23.90 
23 90 
23 90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 

1 ear’s aver- 
age. 

32.14 

32.72 

21.11 

18.68 

25.41 

27.03 

27.19 

26.99 

25.40 

23.90 


World’s Production o^ Cadmium in Pounds 


(In Pounds) 


j 

United States 

Tasmania 

Polish Silesia 

1922 

131,590 

80,64® 

54,448 

1923 

183,816 

275,518 

•54,434 

1924 

129,328 

356,345 

22,615 

1925 

502,824 

400,557 . 

7,837 

1926 

810,428 

358,912 

1 1,574 • 

1927 

1,074,654 

346,773 

•13,523 

1928 

i rv i i ' 

1,875,896 1 

383,040 

• 

9,238 


1 Canada also produced 492,000 lb. 
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Electricity: Ampere, the unft of current strength, /; volt, 
the unit of electromotive force, E; ohm, the unit of resistance, 
R\ coulomb, the unit of quantity, Q; watt, the unit of power, 
P; joule, the unit of work, J; farad, the unit of capacity, C; 

E 

henry, the unit of inductance, l. I — seconds. / = (Ohm’s 

tt 

law); Q = It, C = W = QE, P = IE, P = 

W = QE* 
t t 

• JjJ >i 

Heating effect of a current, J = I 2 R( = „ ■ 


DEFINITIONS OF PHYSICAL TERMS 1 

Absorption Index. — When monochromatic light traverses 
a distance equal to its own wave length , A, in a material is 
the ratio of the amplitude of the emergent light J\' to that of 
the entering light ,/A ° 

jy ■ 2ttk 

j 6 

when v^s the absorption index. 

(A variety of usage prevails regarding the definition of 
this term. This definition is used in the Smithsonian physical 
tables.) 

Density.— The density of a substance is the mass per unit 
volume. It is usually expressed in terms of grams per cubic 
centimeter. 

Electrical Conductivity and Resistivity ( Xf p).— There are 
two methods of expresting electrical resistivity in common 
use, each being defined quantitatively in terms of the resis- 
cquation ** Umt spccimen * volume resistivity is p in the 

R = pl 

in which R = resistance, l = .length, and s = cross-section 
The volume resistivity thus defined may be expressed li, 
various units such as microhm-centimeter (microhm vor 

d™me n t e er Cr etc ) T^' mS PCT ^ ° f , a uniform wire Tmi/n 
ciiameter, etc. * The commonly used units, in abbreviated 

terminology, arc: microhm -centimeter, microhm-inch ohm 
( Th^r- ’ 0l rr (mtter -^- mm >’ uhm (mil? foot) ’ 

as the equatim! res,stlvlt - v 18 ma8s resistivity, and is defined 


R = 


6P 


• Mainly fro,,, Bureau ( “ ,le - P° U “ d >- 
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Per Cent. Conductivity. — The term “conductivity ” means 
the*reciprocal of resistivity, but it is used very little in wire 
calculations. In connection with copper, however, extensive 
use is made of the per cent, conductivity, which is calculated 
in practice by dividing the resistivity of the international 
annealed copper standard at 20°C. by the resistivity of the 
sample at 20°C. 

Temperature Coefficient of Resistance. — The temperature 
coefficient of electrical resistance is the fractional change of 
resistance per degree change of temperature. Its vatae varies 
with the temperature, and hence the temperature from which 
the resistance change is* measured must always be stated or 
understood. For a temperature t ,, the temperature coefficient 
a i is defined, for a metal like copper, by 

Kt = RtJ 1 4* — b)], 

in which R tj = resistance at the temperature ti and R t = 
resistance at any other temperature t. The temperature 
coefficient that is usually used at 20°, for example, is 
^ Rt — R 20 

** “ E'«yr-2s^ 

Boiling Point. — The boiling point of a liquid is the tempera- 
ture at which it boils under atmospheric pressure, or Jitter 
the temperature at which its vapor pressure is equal to the 
external pressure. 

Brinell Test. — An indentation is made, by pressure, on a 
polished surface of the material, using a hardened steel ball. 
There are several ways of expressing the hardness: 

The commonest definition of the Brinell hardness is the 
pressure in kilograms per unit area (square millimeters) of the 
spherical indentation. (Hardness numeral = If. N .) 

II n — Pressure P 

area of spherical indentation In D 


where l 


D _ [it* _ d 2 
2 Y 4 4 


P = pressure used; 
t = depth of indentation; 

I) = diameter of sphere; 
d = diameter of indentation. 


Usually 3000 and 500 kg. pressures with a 10 mm. ball, or a 
6.4 kg. pressure with a 1.59 mm. ball Oi<t in.) are used. 

Electrolytic Solution Potential (#).— At the junction of a 
metal and any conducting liquid there is developed a solution 
potential, which is a measure of the free-energy change of the 
chemical reaction which is possible at the surface of the metal 
and liquid. In particular if the chemical ^reaction fconftists 
1,1 the solution of the metal, forming ions, the e.m.f. is 


« *RT , P 
E = ™ log — 

nf & p 
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where R = the gas constant; 

T — absolute temperature; 
n = valence of metal; 

F = 96,500 coulombs, the Faraday constant;’ 

P — solution pressure of metal; 

p = osmotic pressure of metal ion formed in solution. 


In any electrolytic cell the sum or difference of two such 
potentials is measured, one of which may be a standard elec- 
trode; fo^example, the hydrogen or the calomel electrode. The 
e.m.f. of an electronic cell of the following type: Normal 
hydrogen electrode — solution — metal i^ often called the single 
e.m.f. (eh) for the metal in the solution; that is, arbitrarily 
assuming the e.m.f. of the normal hydrogen electrode to be zero. 

Emissivity (E or Ex ). — The coefficient of emissivity E for 


any material represents the ratio 


Jx' 

Jx 


of the intensity, Jx', of 


radiation of some particular wave length or color, X, emitted by 
the material at an absolute temperature T to that J, emitted 
by a black-body radiator at the same temperature. 

The coefficient of tot*il emissivity E for any material repre- 
sents that ratio of the intensity of radiation of all wave 


lengths, J i, emitted by the material at an absolute temperature* 
T , to that, J y emitted by a black body radiator at the same 
temperature. 

This coefficient is always less than 1, and for metals is equal 
to 1 minus the reflection coefficient for normal incidence 
(Kirchhoff’s law.) 

For any optical pyrometer using monochromatic light a 
value of the observed f or “black-bedy ” temperature of any 
substance (not inclosed) is reduced to the true temperature 
by the following formula : 

• 

1 __ 1 _ X log J2\ 

T To ~ 6232 ~ 

where T = true absolute temperature; 

To = observed absolute temperature; 

X = wave length in microhm (0.001 mm.); 

E\ = relative emissivity of substance for wave length. 


, ®5V?k sei J T es ** This test is carried out to determine the 
ductility of sheets. An indentation is made in the sheet with 
a die with hemispherical end. The greatest depth of indenta- 
tion which can be made without incipient cracking of the sheet, 
measured m inches or millimeters* is known as the Erichsen 
vahjp for the shorn,. 

Si ? n ‘vT T ^ J 1 ® at fusion of a substance is the 
quantity of heat absorbed in the transformation of unit mass 
(1 g.) of the solid substance to tfhe liquid state at the same 
temperature. 
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Magnetic Properties. — The 5 usual magnetic characteristics 
of*a substance are given either by the permeability, n, or the 
susceptibility, k. Permeability is the ratio of the magnetic 
induction *(B in gausses per square centimeter) to the magnetiz- 
ing force ( H in gausses per square centimeter). This is indi- 
cated by the relation 

B 

K ~ H 

Susceptibility is given, in corresponding 

_ v jzJ 3 
, K 4tt 

For all materials except iron and a few other ferro-magnetic 
metals p is very nearly unity and k is only a few millionths. 
When k is positive in sign the substance is paramagnetic, when 
negative aiamagnetic. The susceptibility as thus defined is 
sometimes called volume susceptibility and indicated by k®. 
A quantity called mass susceptibility is also used, and is equal 
to the volume susceptibility divided by the density of the 
material; it is represented by K m . 

Melting Point. — The melting or fusing point of a substance 
is the temperature at which it fuses (Under atmospheric pres- 
sure), or more accurately the temperature at which the solid 
and the liquid metal are in equilibrium with each others 
' Peltier Effect (x). — When at the junction of two metals 
current flows from one to the other, heat is in general absorbed 
or liberated (see “Thcrmoelectroinotive Force" below); the 
coefficient, the amount of heat liberated when a unit quantity 
of electricity flows across the junction, is known as ir (measured 
either in calories per coulomb or in volts), the Peltier effect. 

Impact-tests. Charpy’s Teat. — The test piece lies at the 
bottom of the course of a pendulum, 4ind the energy retained 
by the pendulum after breaking the specimen is shown by the 
height to which it swings up. The difference between this 
figure and the total energy of the pfendulum is the energy 
absorbed. 

Friment. — The test piece is> broken by a» knife edge which 
falls 4 m. and has a mass of 10 kg. The residual energy is 
measured. * 

Guillery. — The specimen is broken by a knife-edge carried 
by a flywheel and the energy absorbed is measured by the 
lessening of the velocity of the flywheel. 

Izod. — While in the Charpy method the test piece is sup- 
ported by both ends, the Izod supports h at only one. 

Marten's Sclerometer. — This machine uses a 90° conical dia- 
mond point at one end of a weighted lever arm, under which 
the specimen moves on a traversing table. The hardness 
number was the load, in grams, necessary^to produce a cut 
having an average width of 10^, and the term “scoring hard- 
ness" was used to designate hardness determined in this way. 

Scratch Hardness. Biefbaum’s Test*— C. H. Bierbatjm 
developed an instrument known as the “microcharacter,” in 
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which a jewel, ground to a poifit, is loaded and dragged across 
the surface to be tested for hardness, the resulting track being 
examined under a microscope. The loading in the jewel is 
3 gr. Bierbaum defines “microhardness,” k in terms of the 


width of the cuts, in microns. 

k = m“ 2 10 4 . 

Hardnesses as found by him were as follows : 

Lead, c.p., Picher 7.03 

Tin, c.p., electro 11.7 

Copper, electrolytic . * 78.4 

Antimony, commercial 121.0 

SnSb crystals in babbitt " 208.0 

Nickel, c.p., International Nickel Co. ... 244.0 

PCu 8 crystals in phosphor bronze . 267.0 

Iron, Swedish, softest crystals 420.0 

Cobalt, c.p., International Nickel Co 625.0 

SnCu 3 in copper-tin bronze 750.0 

SnCUf, hardest crystal in high-Cu hardened babbitt . 1006.0 
Hardened steel, Johansson test blocks . . . .2229.0 

Sn0 2 (fused) as found in burned bronze 5390.0 


Bierbaum’, s paper appeared in Trans. A.I.M.E., 1923, Vol. 
69, p. 972. 

Ductility. — Ability to withstand stretch without rupture. 
Ductility is usually measured by the percentage of elongatiop 
after rupture over a gage length laid off on a specimen before 
stretching, or by the reduction of area of the original cross- 
section of a specimen when tested in tension. 


Elastic Limit.— The term is, unfortunately, used very loosely 
in general practice. In this report the term elastic * limit or 
set elastic limit is used to denote the highest unit stress at 
which material will completely recover its form after the stress 
is removed. Proportional limit, or proportional elastic limit, 
is used to denote the highest unit stress at which stress is 
proportional to deformation. The values found for both 
elastic limit and proportional limit are dependent on the 
accuracy of appaiyitus used anc^ the precision of plotting stress- 
strain diagrams. For practical purposes elastic limit and 
proportional limit may be regarded as interchangeable terms. 

^ point is that unit stress at which material shows a 
sudden marked increase in the rate of deformation without 
increase in load. It is usually determined by the sudden drop 
m the balance-beam of the testing machine as strain is applied 
to the specimen at aiuniform rate, or by a sudden increase of 
deformation which can be seen by the use of a pair of dividers 
on the specimen. 

0 _?y steresis » Mechanical. If load is applied to a specimen, 
and t is amoved, then, if the specimen is perfectly elastic under 
the stress caused by the load, the energy expended in loading 
the specimen is all given back when the load is removed If 
the specimen is not perfectly elastic under thd stress caused 
by the applied load, then some of the energy applied is dis- 
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sipated as .heat. This dissipated energy is called mechanical 
hysteresis, and is measured by the area of the loop between 
the stress-strain diagram for application of load and the stress- 
strain diagram for release of load. 

Refractive Index. — The ratio of the velocity of light in 
vacuum to that in any material is called the refractive index 
(17) of that material. (This physical quantity ceases to have a 
meaning at or near an absorption band in the material.) 

Scleroscope Test (Shore). — A hardened hammer falls from 
a constant height onto a polished surface of the material, and 
the distance of rebound is measured on a scale 10 in. long, 
divided into 140 equal • parts. The scleroscope hardness is 
expressed as the distance of rebound on this arbitrary scale, the 
value of 100 representing the hardness on this scale of hardened 
steel. 

Specific Heat. — (<r). — The true specific heat of a substance 
is when u is the total internal heat or energy of unit mass 

of the substance. The mean specific heat is defined as 7—^-7 

h — t 2 

per unit mass when q is thp quantity of heat absorbed during a 
temperature change from t 2 to t\. It is generally considered 
as the quantity of heat (calories) required to raise the tempera- 
ture of unit mass (grams) by unity (degrees Centigrade), 
either at constant volume or at constant pressure. Unless other- 
wise noted the specific heat of solids refers to that.at constant 
(atmospheric) pressure. The true specific heat (constant 
pressure) of metals may usually be expressed sufficiently by an 
equation of the type 

* a — A -f- Bt *f Ci 2 + • • • 

Tensile Test. — The quantities determined in the tension 
test are the following: 

The ultimate tensile strength is the maximum load per unit 
area of original cross-section borne by thfe material. 

The yield point is the load per unit of original cross-section 
at which a marked increase in the deformation of the specimen 
occurs without increase of load. 

The elastic limit is the greatest 'load per unit of original cross- 
section which docs not produce a permanent set. 

The proportional limit is the load per unit of original cross- 
section at which the deformations cease to be directly propor- 
tional to the loads. 

The percentage elongation is the ratio of the increase of length 
at rupture between arbitrary points on the specin^ens to this 
original length. 

The percentage reduction of area is the ratio of the decrease 
of cross-section at the “neck” or most reduced section at 
rupture to the original section. © 

Thermal Conductivity (X). — The coefficient of thermal con- 
ductivity (X) expresses the quantity of h$at (small calories) 
which flows in unit time (seconds) across a unit cube (centi- 
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meter) of the material whose opposite faces differ in temperature 
by unity (1°C.). Its temperature coefficient is expressed as 

X* X to 

= - to)’ 

Thermal Expansion. — If l t is any linear dimension of a solid 
at any temperature ^ is the linear coefficient of thermal expan- 
sivity of 4hat solid in Jtlie direction of 1. It is not in general 
porportional to the temperature except approximately over 
small temperature intervals, but rna^ be expressed in the 
following manner: 

~ = a + hi + cP ■ ■ ■ 

For small temperature intervals a mean coefficient (a) is 
often determined; that is, 

= ±~k 

k(t - 1 .) 

Thermo electromotive Force ( E ). — In an electric circuit 
composed of two dissimilar conductors, the two junctions 
being^t different temperatures, there exists in general an 
electromotive force, called the thermoclectromotive force', 
between the two metals, the value of which is a function both 
of the temperature and the difference of temperature between 
the two junctions. It is shown thermodynamically that this 
e.m.f. is related to the Thomson and Peltier effects in the 
following manner : 



T dE } 
J dt ( 
Td*E [ 

J 'dt* J 


affd is express<*l in calories per coulomb 
when 

• J = 418 dyne s X 10 g 

calories 


when E is the thermal e.m.f., T tffe absolute temperature, the 
thermoelectric power (sec below), and < 7 , - <r, the difference 


in the Thomson effect of two materials. The equation ~ = 

A + BT fits experimental data over a range of several hundred 
degrees . ^ 

Thermoelectric Power.— If E is the thermoelectromotive 
force of two metals, ^ = the thermoelectric power; for a 


I& i 2? P WS it i B a PP roximatel y the thermal e.m.f. of a 
iple of which the temperatures of the two junctions differ 


given to 
couple < 
by 1°C. 


» Effect -— Wheii a cumSit flows in a conductor from 

a point at one temperature to a point at another, heat is in 
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general liberated, or absorbed, and an e.m.f. or a counter-e.m.f. 
is produced. Tne coefficient of the Thomson effect is the 
amount of heat liberated or absorbed when a unit quantity 
of electricity flows from a point at temperature t to one at t 4- dt f 
and is equal to <r dt cal. per coulomb where o- is the Thomson 
specific heat of electricity. It is positive for any material 
when heat is generated in that material as a current flows from 
a region of higher to one of lower temperature. 

Miscellaneous Constants (Atomic,* Molecular/ etc. 1 * ) 

Elementary electrical charge, 
charge on electron, ]4, 

charge on a particle e = 4.774 X 10 -10 csu (M) 

= 1.591 X 10“ 20 emu. 

= 1.591 X 10“ 19 coulomb 

Mass of an electron m = 9.01 X 10“ 28 g 

Radius of an electron about 2 X 10 -13 cm. 

Ratio e/m, small velocities e/m = 1.766 X 10 7 emu. g -1 
Number of molecules per 
gram molecule or per 
gram molecular weight * 

(Avogadro constant) N = 6.062 X 10 23 (M) 

Number of gas molecules 
■ per cm. 3 , 76 cm., 0°C. 

(Loschmidt’s number) n = 2.705 X 10 lfl (M) 

Number of gas molecules 
per cm. 3 , 0°C. at 1 X 10® 

bars 2.670 X 10 19 

Kinetic energy of transla- 
tion of a molecule at 0°C. Eq = 5.621 X 10~ 14 erg (M) 
Constant of molecular e^- » 

ergy, Eo/T = change of 
translational energy per 

°C e = 2.058» X 10~ 16 erg/°C (M) 

Mass of hydrogen atom. ... = 1.662 X 10“ 24 g (M) 

Radius of hydrogen mole- , 

culc about * 10- 8 cm. 

Mean free path, ditto, 76 • 

cm., 0°C. about L = 1.6 X 10~ 5 cm. /sec. 

Sq. rt. mean sq. velocity, 

ditto, 76 cm., 0°C G = 1.84 X 10 B cm. /sec. 

Arithmetical average veloc- 
ity, ditto, 76 cm., 0°C. . . R = 1.70 X 10 6 cm. /sec. 

Average distance apart of 
molecules, 76 cm., 0°C. . . = 3 X 10 -6 cm. 

Boltzmann gas constant = 
constant of entropy equa- » 

tion = R/N - poVo/TN 

= (%)t. k = 1.372 X 10- 16 erg/°C. 

1 Courtesy Smithsonian Institution. These are Tables 528 and 529 of the 

‘Smithsonian Tables.” 
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Volume per mol (e) or gram- 
molecular weight of ideal 
gas, 76 cm., 0°C (1.01323 

X 10® bars) 

Ditto, 1 X 10® bars, 0°C. 

(75 cm. Hg.) 

Gas constant: PV m = RT, 
V m = vol. molec. wt. in 
grams when Pin g./ cm. 2 , 

VnAz\ cm. 3 . ... 

when P in atrnospliercs, 

V m in liters 

when P in dynes, V m in 

cm. 3 

Absolute zero = 0° Kelvin 
1 Megabar ( = Meteoro- 
logical “bar”) = 10° 

dynes /cm. 2 = 1.013 kg/ 

cm. 2 

Mechanical equi valent of 
heat, 1 g. (20°(J.) c^J. 

Faraday constant. . . 

VeloTJity of light in vacuo . . 
Planck’s element of action 
Rydberg’s fundamental fre- 
quency 

Rydberg’s constant. V»/c. 
Wien’s constant of spectral 

radiation 

Stofan-Boltzmann constant 
of total radiation . . . . 

Grating space in calcitc . 
Grating space in rock-salt 
(IJhler, Cooksey) ' 
Potential difference in volts 
for X-rays «f wave-lengtl* 
X in cm = PX = hr/r 


= 22.412 liters 
= 22.708 liters 


R = 84.780 g-em./°C. 

R = 0.08204 Z-atm/°C. 

R = 8.315 X 10 7 crgs/°C. 
= - 273.13°C. 


= 0.987 atmosphere 

- 4.184 X 10 7 ergs 
= 4.184 Joules 
F - - 96494 coulombs 
c -= 2.99860 X 10 J0 cm./sec. 
h — 6.547 X 10~ 27 erg. sec. (M) 

P.» - 3.28880 X 10 15 sec." 1 
N = 109678.7 

c 2 = 1.4312 for X in cm. (M) 

cr =«5.72 X 10->* watt/cm.* (M) 
d = 3.030 A 

= 2.814 X 10“ 8 cm. 


T , . _ = 1241 X 10 A volt. cm. 

Reference: (M) Millikan,* PM. Mag . 34, 1 , 1917 . 

1 meter = 1,553,164.13 red cadmium wave lengths. 
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Radiation Wave-length Limits 

Hertzian waves, longest 2 000 000.0 cm. 

Hertzian waves, shortest 0.2 cm. 

Infra-red, longest, reststrahlung, focal- 

isolation 0.03 cm. 

Infra-red, spectroscopically studied 0.002 cm. 

Visible, longest 0.000 08 cm. 

Visible, shortest . 0.000 04 cm. 

Ultra-violet, Lyman, shortest*. . .... 0.000 006 cm. 

X-rays, longest . . .» 0.000 000 11*? cm. 

X-rays, shortest. . . . . 0.000 000 001 cm. 

7 rays, longest • 0.000 000 013 cm. 

7 rays shortest 0.000 000 000 7 cm. 

* 0.000 0020 cm. (Millikan-Sawyer, 11)20) 


Composition of the Air 1 



By weight 

By volume 

Expired air 
by volume 

Oxygen 

23.024 

20.941 

15.4 

Nitrogen 

75.539 

78. 122 \ 

79.2 

Argon 2 

1.337 

• 0.937 / 

co 2 

0.040 

1 

4.33 




1 - 


‘•.According to Ramsay (cf. Benson's “ Industrial Chemistry,” p 38 The 
Macmillan Co.). 

~ Including the other inert gases. The rare gases are present in air in the 
following proportions by weight: krypton, 0.028 per cent.; xenon, 0.005; 
neon, 0.00038; helium, 0.000050 per cent. 

PYSCHROMETRIC TABLES 1 

Measurement of Atmospheric Moisture. — The quantity of 
moisture mixed with the air # under different conditions of tem- 
perature and degree of saturation may be measured in several 
distinctly different ways. Many of these, however, are not 
practicable methods for daily observations, or are not suffi- 
ciently accurate. Probably the most convenient of all methods 
and the one most generally employed is to observe the tempera- 
ture of evaporation — that is, the® difference between the tem- 
peratures indicated by wet- and d*y-bulb thermometers. The 
most reliable instrument for this purpose is the sling, or whirled 
psychrometer. In special cases, rotary fans or other means 
may be employed to move the air rapidly over the thermometer 
luilbs. In any case satisfactory results cannot be obtained 
from observations in relatively stagnant a*r. A strong ven- 
tilation is absolutely necessary to accuracy. 

Sling Psychrometer. — This instrument consists of It pair of 
thermometers, provided with a handle, which permits the ther- 
, ammeters to be whirled rapidly, the bulbs being thereby strqnglv 
1 affected by the temperature of and moisture in the g,ir. Tire 
I hulb of the lower of the two thermometers is covered with thin 
hmislin, which is wet at the timg an observation is made. 

1 C F. Marvin’s Tables, Weather Bureau Bulletin l4o. 235. 

Continued on page 89. 
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Temperature or Dew-point in Degrees Fahrenheit. 
Continued 

Pressure — 30.0 inches of mercury 


Depression of wet-bulb thermometer ( t — t') 


temp., t 

3.2 

3.4 

3.6 

[3.8 

4.0 

4.2 

|4.4 

|4.6 |4.8 

5.0 | 

5.2 

5.4 

5.6 

|5.8 |6.0 

2 

—56 















3 

—43 















4 

—34 

—46 














5 

—29 

— 36 

—49 






1 


i 





6 

—25 

—30 

—39 

—53 












7 

—21 

—26 

—31 

—41 

—58 











8 

—18 

—22 

—26 

—32 

—42 











0 

—15 

—19 

—22 

—27 

— 32 

-44 










10 

—13 

—16 

—19 

—23 

—27 

-34 

—45 









11 

—10 

—13 

—16 

—19 

—22 

—27 

—34 

c 








12 

— 8 

—10 

—13 

—15 

— 19 

—22 

—27 

-31 

—47 







13 

— 6 

— 8 

—10 

—12 

—15 

—18 

—22 

—27 

—34 

— 4fi 






14 

— 4 

— 6 

— 8 

—10 

—12 

—15 

—18 

—22 

—27 

—33 

-45 





15 

— 2 

— 4 

— 5 

— 7 

— 9 

—12 

—15 

—18 

— 21 

—26 

-32 

—44 




16 

± o 

— 2 

— 3 

— 5 

— 7 

— 0 

—11 

—14 

— 17 

—20 

—25 

—31 

—42 



17 

+ 2 
+ 3 

-t o 
+ 2 

1 ! 

3 

4 

g 

y 


i •) 

jg 

20 

24 

—30 

39 

KT 

18 

-Mi 

— 1 

— 2 

— 4 

— 6 



— 8 

-fo 

—13 

—16 

—19 

—23 

—29 

— 0/ 
—37 

10 

+ 5 

+ 4 

+ 3 j 

+ 1 

± o 

— 2 

- 4 

— 5 

- 7 

—10 

—12 

—15 

—18 

—22 

—27 

„ 20 

+ 7 

+ 6 

d 

+ 3 

+ 2 

± o 

— 1 

— 3 

— 5 

— 7 

— 9 

—11 

—14 


—21 


The Wet Bulb. — It is important that the muslin covering for 
the wet bulb be kept in good condition. . The evaporation of 
the water from the muslin always leaves in its meshes a small 
quantity of solid material, which sooner or later somewhat stif- 
fens the muslin so that it does not readily take up water. This 
will be the ease if the muslin does not readily become wet after 
being dipped in water. On this accounlfit is desirable to use as 
pure water as possible, and also to renew the muslin from time 
to time. New muslin should always l^e washed to remove 
sizing, etc., before being used. A small rectangular piece wide 
enough to go about one and one-tliird times around the bulb, 
and long enough to cover the bulb and that'part of the stem 
below the metal back, is cut cait, thoroughly wetted in clean 
water, and neatly fitted around the thermometer. It is tied first 
around the bulb at the top, using a moderately strong thread. 
A loop of thread to form a knot is next placed around the bot- 
tom of the bulb, just where it begins to round off. As this 
knot is drawn tighter and tighter the thread slips off the rounded 
end of the bulb and neatly stretches the muslin covering with it, 
at the same time securing the latter at the bottom.* 

To Make an Observation. — The so-called wet bulb is thor- 
oughly saturated with water by dipping it yito a small cup. 
The thermometers are then whirled rapidly for 15 or 20 seconds; 
•stopped and quickly read, the wet bulb first. This reading is 
kept in mind, the psych romej-er immediately whirled again and 
a second reading taken. This is repeated three or four times, 
Continued on page 109. 
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Temperature of Dew-point in Degrees Fahrenheit. 
* * Continued 

Pressure = 30.0 inches of mercury 
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Temperature of Dew-point in Degrees Fahrenheit. 

Continued 
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Temperature op Dew-point in Degrees Fahrenheit. 


Continued 

Pressure =» 30.0 inches of mercury 





Air 

temp.. 


94 METALLURGISTS AND CHEMISTS’ HANDBOOK 









PHYSICAL CONSTANTS 


95 




98 METALLURGISTS AND CHEMISTS' HANDBOOK 


« 


Temperature op Dew-point in Degrees Fahrenheit 

Continued 

Pressure = 23.0 inches of mercury 
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Temperature op Dew-point in Degrees Fahrenheit. 

* Continued 

Pressure ■= 23.0 inches of mercury 
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f 

Temperature of Dew-point in Degrees Fahrenheit 

Continued 

Pressure ■» 23.0 inches of mercury 
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Xemperature op Dew-point in Degrees Fahrenheit. 
Continued 

Pressure ■» 23.0 inches of mercury 
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Temperature op Dew-point in Degrees Fahrenheit. 

# Continued 

Preaaure ■■ 23.0 inchea of mercury 


Depreasion of wet-bulb thermometer (i — t') 


55 53 51 

56 54 52 

57 56 54 

59 57 55 

60 58 56 

61 59 58 

62 61 59 

64 62 m 

65 63 61 

66 64 63 

67 66 64 

68 67 65 

69 68 66 

71 69 68 

72 70 69 

73 72 70 

74 73 71 

75 74 72 

76 75 74 

78 76 75 

79 77 76 

80 78 77 

81 80 78 

82 81 79 

83 82 80 

84 83 82 

85 84 83 

86 85 84 

88 86 85 

89 87 86 

90 88 87 

91 90 88 

92 91 89 

93 92 90 < 

94 93 92 

95 94 93 

96 95 94 
D7 96 95 

98 97 96 

99 98 97 

101 99 98 

102 100 99 

103 101 100 

104 102 101 1 

105 104 102 1 

106 105 103 1 

107 106 104 1 

108 107 106 1 

109 108 107 1 

110 109 108 1 

111 110 109 1 

112 111 110 11 

113 112 111 1 

114 113 112 1 

115 114 113 1 

116 115 114 1 

117 116 115 l 

118 117 116 1 

119 118 117 1 

120 119 118 1 

121 120 119 1 
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Temperature op Dew-point in Degrees Fahrenheit. 

Concluded ' 

Pressure ™ 23.0 inches of mercury 
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Relative Humidity, Per CeI*t. — Fahrenheit Temperatures 

Pressure ■* 30.0 inches of mercury 
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92 

85 

77 

71 

62 

92 

85 

78 

71 

63 

93 

86 

78 

71 

65 

93 

86 

79 

72 

66 

93 

82 

80 

73 

67 

94 

87 

81 

74 

68 

94 

87 

81 

75 

69 

94 

88 

82 

70 

70 

94 

88 

82 

76 

71 

94 

88 

83 

77 

72 

94 

89 

83 

78 

73 

94 

89 

84 

78 

73 

95 

89 

84 

79 

74 

95 

90 

85 

80 

75 

95 

90 

86 

81 

76 

95 

01 

86 

81 

77 



55 

48 

4! 

33 

20 

56 

49 

42 

35 

28 

68 

51 

44 

37 

31 

59 

52 

4( 

39 

33 

60 

£4 

47 

41 

35 

62 

55 

49 

43 

37 

63 

57 

51 

45 

39 

64 

58 

52 

47 

41 

65 

59 

54 

48 

43 

66 

60 

55 

50 

44 

67 

62 

56 

51 

46 

68 

63 

58 

52 

47 

69 

64 

59 

54 

49 

70 

65 

60 

56 

51 

71 

66 

62 

57 

52 

72 

67 

63 

58 

54 

73 

68 

64 

60 

65 

74 

69 

65 

61 

57 

75 

70 

66 

62 

58 

75 

71 , 

67 

63 

59 

75 

71 

68 

04 

60 

76 

72 

69 

65 

61 

77 

73 

69 

65 

62 

77 

73 

70 

66 

63 

78 

74 

71 

67 

63 

78 

74 

71 

67 

64 


Relative Humidity, Per Cent. — Fahrenheit Temperatures. 

Continued 

, Pressure = 30.0 inches 9 f mercury 


Depression of wet-bulb thermometen^Ct 


.5 6.0 6.5 7.0 7.5 


7 ll 

0 4 
3 f 
6 1C 

8 13 

1 15 

3 18 13 8 3 

5 21 16 11 61 

5 23 18 13 8 4 

9 25 20 16 11 7 2 

2 27 23 18 14 9 5 0 

1 29 25 21 16 12 8 3 

5 32 27 23 19 14 10 0 

} 34 29 25 21 17 13 9 

) 36 31 27 23 19 15 11 

! 37 33 29 25 21 17 14 

I 39 35 31 27 24 20 10 

I 41 37 33 29 26 22 18 

i 42 39 35 31 28 24 20 

r 44 40 36 33 30 26 23 

! 45 42 38 35 31 28 25 

• 46 43 39 36 33 30 20 

47 44 41 38 34 31 28 

! 48 45 42 39 35 32 29 

49 46 43 40 37 34 31 

50 47 44 41 38 35 32 

51 48 45 42 39 46 34 

52 49 46 43 41 38 35 

53 50 47 45 42 39 30 

64 51 49 46 43 40 37 

55 52 50 47 44 41 39 

56 53 50 48 45 42 40 

57 54 51 49 46 43 41 

67 55 52 5C 47 44 42 

58 55 53 50 48 45 43 

59 50 54 51 49 46 44 

59 57 55 52 49 47 45 

60 58 55 53 50 48 40 

61 58 56 54 51 49 47 

61 59 57 54 52 50 47 

62 60 57 55 53 50 48 

63 60 58 56 53 51 49 

63 61 59 56 54 52 50 

64 61 59 57 65 53 51 

64 62 60 58 56 53 51 

65 62 60 58 56 54 52 

65 63 61 59 57 55 53 

66 64 61 59 57 55 53 

66 64 62 60 58 56 54 

67 65 63 61 59 57 55 

67 65 63 61 59 57 55 

67 65 63 61 60 58 50 

68 66 64 62 60 58 50 

68 66 64 62 61 59 57 

69 67 65 63 61 59 57 

69 67 65 63 62 60 58 

66 68 66 64 62 60 58 

70 68 66 64 62 61 59 



84 

81 

79 

76 

74 

84 

82 

79 

77 

74 

84 

82 

79 

77 

74 

85 

82 

80 

77 

75 

85 

82 

80 

78 

75 

85 

83 

80 

78 

75 

*85 

83 

80 

78 

EE 

85 

& 

81 

79 

76 

86 

83 

81 

79 

77 

86 

84 

81 

79 

77 

86 

84 

82 

79 

77 

86 

84 

82 

80 

78 

m\ 

84 

82 

80 

78 


84 

82 

80 

78 

87 

84 

82 

80 

78 

87 

85 

83 

81 

79 

[ 87 

85 

83 

81 

79 

87 

85 

83 

81 

79 

87 

85 

83 

81 

79, 


71 68 
74 71 69 
74 71 69 

74 72 70 

75 72 70 
75 73 71 

75 73 71 

76 74 71 

76 74 72 

77 74 72 
77 75 72 

77 75 73 

78 75 73 
78 76 74 
78 76 74 

78 76 74 

79 77 74 
79 77 75 
79 77 1 75 
79 77 75 
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Relative Humidity, Per Ce&t.— -Fahrenheit Temperatures. 

Continued 

Pressure ** 30.0 inches of mercury 



*21. G| 
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Relative Humidity, Per Cent.— ^ ahrenheit Temperatures, 

Continued 

Pressure ■» 30 0 inches of mercury 





or more, if necessary, until at least two successive readings of the 
wet bulb are found to agree? very closely? thereby showing that 
it has reached its lowest temperature. A minute or more is 
generally required to secure the correct temperature. 

When the air temperature is near the freezing point it often 
happens that the temperature of the wet bulb will fall several 
degrees below freezing point, but the water w SI still remain in 
the liquid state. No error results from this, provided the 
minimum temperature is reached. If, however, as frequently 
happens, the water suddenly freezes, a large amount of heat is 
liberated, and the temperature of the wet bulb immediately 
becomes 32°. In such cases it is necessary to continue the 
whirling until the ice-covered bulb has reached a minimum 
temperature. * 

The psychrometer will give fairly accurate indications, even 
in the sunshine, yet observations so made are not without 
some error, and where greater accuracy is desired, the psy- 
chrofneter should be whirled in the shade. * » % 

[While the above is true for refined observations, such as «we necessary 
m Professor Majrvin’s work, yet for practical work I have found that a 
wet- and a dry-bulb thermometer, simply mounted on a board and placed 
in a good draft, would give accurate enough results for technical data. In 
this case the cloth wrapper of the wet-bulb thermometer went down into a 
fup of water, so that it was always wet and hence always ready for an 
observation. See also p. 115. — Editor.] 
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Relative Humidity, Per Cent. — Fahrenheit Temperatures. 

Continued 

Pressure = 30.0 inches of mercury 





Depression of wet-bulb thermometer (f — 

O 



temp., t 

31 

32 
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I 35 
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£6 ‘ 

17 

Hi 
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14 

13 

12 

11 

10 

9 

8 

7 

6 

6 

6 

4 
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17.i 

urn 

15 

14 

14 

13 

12 

11 

■Till 

9 
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7 

7 

6 

5 
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16 
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Relative Humidity, Per Cent. — Fahrenheit Temperatures. 

Continued 

Pressure «= 23.0 inches of mercury 
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20.0 
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Relative Humidity, Per Cent. — Fahrenheit Temperatures. 

Continued 

Pressure = 23.0 inches of mercury 
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Relative Humidity, Per Cent. — Fahrenheit Temperatures. 

Continued 

Pressure =* 23.0 inches of mercury 


Depression of wet-bulb thermometer (/ — /') 


t 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

80 

42 

39 

37 

34 

31 

29 

26 

24 

21 

19 

17 

15 

12 

10 

8 

6 

82 

43 

40 

38 

35 

33 

30 

28 

25 

23 

21 

19 

16 

14 

12 

10 

8 

84 

44 

42 

39 

36 

34 

31 

29 

27 

24 

22 

20 

18 

16 

14 

12 

10 

86 

45 

43 

40 

38 

35 

33 

30 

28 

26 

24 

22 

20 

17 

15, 

13 

12 

88 

46 

44 

41 

39 

36 

34 

32 

29 

27 

25 

S3 

21 

19 

17* 

15 

13 

90 

47 

45 

42 

40 

37 

35 

33 

31 

28 

20 

24 

22 

20 

18 

17 

15 

92 

48 

46 

43 

41 

38 

36. 

34 

32 

30 

28 

26 

24 

22 

20 

18 

16 

94 

49 

46 

44 

42 

39 

37 

35 

33 

31 

29 

27 

25 

23 

21 

19 

18 

96 

50 

47 

45 

43 

40 

38 

36 

34 

32 

30 

28 

26 

24 

22 

21 

19 

98 

50 

48 

46 

43 

41 

39 

37 

35 

33 

31 

29 

27 

25 

24 

22 

20 

100 

51 

49 

46 

44 

^2 

40 

38 

36 

34 

32 

30 

28 

26 

25 

23 

21 

102 

52 

50 

47 

45 

43 

41 

39 

37 

35 

33 

31 

29 

27 

20 

24 

22 

104 

52 

50 

48 

46 

44 

42 

40 

38 

36 

34 

32 

30 

28 

27 

25 

23 

100 

53 

51 

49 

47 

44 

42 

40 

38 

37 

35 

33 

31 

29 

28 

26 

24 

108 

54 

51 

49 

47 

45 

43 

41 

39 

37 

30 

34 

32 

30 

29 

27 

25 

110 

54 

52 

50 

48 

46 

44 

42 

40 

38 

36 

35 

33 

31 

30 

28 

26 

112 

55 

53 

51 

48 

46 

45 

43 

41 

39 

37 

35 

34 

32 

30 

29 

27 

114 

55 

! 53 

51 

49 

47 

45 

43 

41 

40 

38 

36 

34 

33 

31 

30 

| 28 

116 

56 

54 

52 

50 

48 

46 

44 

42 

40 

39 

37 

35 

34 

32 

30 

29 

118 

56 

54 

52 

50 

48 

46 

45 

43 

41 

39* 

38 

36 

34 

33 

31 

30 

120 

57 

55 

53 

51 

49 

47 

45 

43 

42 

40 

38 

37 

35 

33 

32 

30 

122 

57 

55 

53 

51 

49 

48 

46 

44 

42 

41 

39 

37 

36 

34 

33 

31 

124 

58 

56 

54 

52 

50 

48 

46 

45 

43 

41 

39 

38 

36 

35 

33 

t 

126 

58 

56 

54 

52 

50 

49 

47 

45 

43 

42 

40 

39 

37 

35 

34 

33 

128 

59 

57 

55 

53 

51 

49 

47 

46 

44 

42 

41 

39 

38 

36 

35 

33 

130 

59 

57 

55 

53 

51 

50 

48 

40 

45 

43 

41 

40 

38 

37 

35 

34 

132 

59 

57 

56 

54 

52 

50 

48 

47 

45 

43 

42 

40 

39 

37 

36 

34 

134 

60 

58 

56 

54 

52 

51 

49 

47 

40 

44 

42 

41 

39 

38 

30 

35 

136 

60 

58 

56 

55 

53 

51 

49 

48 

46 

44 

43 

41 

40 

38 

37 

36 

138 

61 

59 

57 

65 

53 

51 

50 

48 

46 

45 

43 

42 

40 

39 

37 

36 

140 

61 

69 

57 

55 

64 

52 

50 

49 

47 

45 

44 

42 

41 

39 

38 

37 


Tn Coal Age there appeared the following simple formula for 
calculating humidities of the air from the ordinary hygrometer 
readings: this is: 

4fi0 * 

100 - H = -™(<* - W ) 0-84 

in which (l and w are the dry- and wet-bulb readings (Fahren- 
heit) and H is the percentage humidity. This formula requires 
logarithms, and is for sea level. A simpler one can be devised 
to suit the underground conditions of the mines, where neither 
tlie temperature nor the humidity varies much. 
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The following formula, is for’ 27 in. barometer, or about 3,000 
ft. above sea-level (but 1,000ft. more or less makes little differ- 
ence) and holds true for all readings likely to occur in the mines. 

100 - H - (</ - ,/.)( 165 2 ~ rf ) 

Thus, if d = 75 and»w; = 73, 100 - II = 2 X 4.5, and H = 91 
per cent., g,nd if d = 95 and u> = 92, 100 — H = 3 X 3.5, H - 
89.5 per cent. Those both agree very closely with the data in 
the Smithsonian tables; therefore the formula must be correct 
fo^ all dry-bulk readings between 75° and 95°F., especially 
since the yyet-bulb cannot be read with sufficient accuracy to 
give H within per cent. 
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Table XI. — Pressure op Aqueous Vapor for Temperature 
* from 100° to 445°F., in Inches of Mercury 


100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 


250 

260 

270 

280 

290 

300 

310 


340 

350 

360 

370 

380 

390 


400 

410 

420 

430 

440 


0 


■ 

■ 

D 

5 

6 

7 

8 

9 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

1.916 

1.975 

2.035 

2.097 

2.160 

2.225 

2.292 

2.360 

2.431 

2.503 

2.576 

2.652 

2.730 

2.810 

2.891 

2.975 

3.061 

3.148 

3.219 

3.331 

3.425 

3.522 

3.621 

3.723 

3.827 

3.933 

4. #42 

4.154 

4.2% 

4.385 

4.504 

4.627 

4.752 

4.880 

5.011 

5.145 

5.282 

5.422 

5.565 

5.712 

5.862 

6.015 

6.171 

6.33], 

6.495 

6.602 

6.832 

7.006 

7.184 

7.366 

7.552 

7.742 

7.936 

8.133 

8.335 

8.541 

8.752 

8.966 

9.186 

9.409 

9.637 

9.870 

10.108 

10.350 

10.597 

10.850 

11.107 

11.369 

11.636 

11.909 

12.187 

12.470 

12.759 

13.054 

13.354 

13.660 

13.972 

14.289 

14.613 

14.943 

15.279 

15.621 

15.970 

16.325 

16.687 

17.055 

17.430 

17.812 

18.202 

18.598 

19.001 

19.412 

19.830 

20.255 

20.688 

21.129 

21.578 

22.034 

22.499 

22.972 

23.45 

23.94 

24.44 

24.95 

25.46 

25.99 

26.52 

27.06 

27.62 

28.18 

28.75 

29.33 

29.92 

30.52 

31.13 

31.75 

32.38 

33.02 

33.67 

34.33 

35.01 

35.69 

36.38 

37.08 

37.79 

38.52 

39.26 

40.01 

40.77 

41.55 

42.34 

43.14 

43.94 

44.76 

45.59 

46.44 

47.31 

48.19 

49.08 

49.98 

50.89 

51.82 

52.76 

53.72 

54.69 

55.67 

56.67 

57.68 

58.71 

59.76 

60.82 

61.89 

62.98 

64.08 

65.20 

60.33 

6?.48 1 

68.66 

69.85 

71.04 

72.26 

73.50 

74.75 

76.02 

77.31 

78.61 

79.93 

81.27 

82.63 

84.01 

85.41 

86.82 

88.25 

89.70 

91.18 

92.67 

94.18 

95.70 

97.25 

98 J&- 

100.41 

102.03 

103.66 

105.32 

106.99 

108.69 

110.41 

112.15 

113.91 

115.69 

117.50 

119.33 

121.18 

123.05 

124.94 

126.86 

128.81 

130.78 

132.78 

134.80 

136.8 

138.9 

141.0 

143.1 

145.2 

147.4 

149.6 

151.8 

154.1 

156.4 

158.7 

161.0 

162.3 

165.7 

168.1 

170.6 

173.0 | 

175.5 

178.0 

180.5 

183.1 

185.8 

188.4 

191.1 

193.8 

196.5 

199.3 

202.1 

204.9 

207.7 

210.6 

213.5 

216.4 

219.4 

222.4 

225.4 

228.5 

231.6 

234.7 

237.9 

241.1 

244.3 

247.6 

250.9 

254.2 

257.0 

261.1 

264.5 

268.0 

271.5 

275*. 1 

278.7 

282.3 

'285.9 

289.6 

293.3 

297.1 

300.9 

304.8 

308.7 

312.6 

316.5 

320.5 

324.6 

338.7 

332.8 

33*0 

341.2 

345.4 

349.7 

354.1 

358.4 

362.8 

367.3 

371.8 

376.4 

380.9 

385.5 

390.2 

394.9 

399.7 

404.5 

409.3 

414.1 

419.1 

424.1 

429.1 

434.1 

439.2 

444.4 

449.7 

454.9 

460.1 

465.5 

470.9 

476.4 

481.9 

487.4 

493.0 

498.7 

504.4 

510.1 

515.9 

521.7 

527.6 

533.6 

539.5 

545.6 

551.7 

557.9 

564.1 

570.3 

576.6 

582.9 

589.3 

595.7 

602.3 

608.9 

615.5 

622.1 

628.8 

635.6 

642.5 

649.4 

656.3 

^63.3 

670.4 

67^.5 

684.7 

691.9 

699.2 

775.3 

706.6 

783/2 

714.0 

791.3 

721.4 

799.3 

728.9 

807.4 

736.5 

825.5 

744.2 

751,9 

759.6 

767.4 
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Weight of a Cubic Foot of Aqueous Vapor at. Different 
Temperatures and Saturations (in Grains) 
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Weight op a. Cubic Foot op Aqueous Vapor at Dipperent 
Temperatures and Saturations (in Grains). Continued 


_ . Percentage of saturation 

Temp., 

° F - 10 20 30 40 50 00 70 80 00 100 

Gr. Gr. Gr. Gr. Gr. Gr. Gr. Gr. Gt. Gr. 

28 0.177 0.355 0.532 0.709 0.886 1.064 1.241 1.418 1.596 1.773 

29 0.185 0.371 0.556 0.741 0.926 1.112 1.297 1.482 1.668 1.853 

30 0.194 0.387 0.580 0.774 0.968 1.161 J.354 1.548 1.792 1.935 

31 0.202 0.404 0.607 0.S09 1.011 1.213 1.415 1.618 1.820 2.022 


imp., 

, 


°F. 

10 

20 

28 

Gr. 

0.177 

Gr. 

0.355 

29 

0.185 

0.371 

30 

0.194 

0.387 

31 

0.202 

0.404 

32 

0.211 

0.422 

33 

0.219 

0.439 

34 

0.228 

0.450 

35 

0.237 

0.473 

30 

0.246 

0.491 

37 

0.255 

0.510 

38 

0.265 

0.529 

39 

0.275 

0.549 

40 

0.285 

0.570 

41 

0.296 

0.591 

42 

0.306 

0.613 

43 

0.318 

0.035 

44 

0.329 

0.659 

45 

0.341 

0.683 

40 

0.354 

0.708 

47 

0.367 

0.733 

48 

0.380 

0.760 

49 

0.394 

0.787 

50 

0.408 

0.815 

51 

| 0.422 

0.844 

52 

[ 0.437 

0.874 

53 

0.453 

0.907 

54 

0.468 

0.937 

55 

0.485 

0.970 

60 

0.502 

1.003 

57 

0.519 

1.038 

58 

0.537 

1.074 

59 

0.556 

1.111 

60 

0.574 

1.149 

61 

0.594 

1.188 

62 

0.614 

1.228 

63 

0.635 

1.270 

64 

0.656 

1.313 

65 

0.678 

1.356 

06 

0.701 

1.402 

67 

0.724 

1.448 

68 

0.748 

1.496 

69 

0.773 

1.545 

70 

0.798 

1.500 

71 

0.824 

1.648 

72 

0.&51 

1.702 

73 

0.878 

1.756 

74 

0.007 

1.813 


0.580 0.774 0.968 1.161 J.354 1.548 1.792 1.935 

0.607 0.809 1.011 1.213 1.415 1.618 1.820 2.022 

0.634 0.845 1.056 1.268 1.479 1.690 1.902 2.113 

0.658 *0.878 1.097 1.316 1.536 1.755 1.975 2.194 

0.684 0.912 1.140 1.367 1.695 1.823 2.051 2.279 

0.710 0.946 1.183 1.420 1.650 1.893 2.129 2 366 

0.737 0.983 1.228 1.474 1.720 1.906 2.211 2.457 

0.765 1.020 1.275 1.530 1.785 2.040 2.295 2 550 

0.794 1.058 1.323 1.588 1.852 2.117 2.381 2.646 

0.824 1.098 1.373 1.648 1.922 2.197 2.471 2.746 


1.424 1.709 1.094 2.279 
1.478 1.773 2.068 2.364 

1.532 1.838 2.145 2.451 
1.588 1.906,2.224 2.542 
1.647 1.976 1 ’ 2.306 2.635 

1.707 2.048 2.390 2.731 
1.770 2.123 2.477 2.831 
1.834 2.200 2.567 2.934 
1.900 2.280 2.660 3.040 
1.968 2.362 2.755 3.149 

2.038 2.446 2.853 3.261 
2.111 2.533 2.955 3.378 
2.186 2.623 3.060 3.498 
2.263 2.716 3.168 3.621 
2.342 2.811 3.280 3.748 

2.424 2.90‘J 3.394 3.879 
2.508 3.010 3.511 4.013 
2.596 3.115 3.634 4.153 
2.685 3.222 fi.759 4.296 
2.778 3.333 3.888 4.444 

2.872 3.447 4.022 *4.596 
27970 3.565 4.159 4.753 
3.071 3.685 4.299 4.914 
3.174 3.809 4.444 5.079 
3.282 3.938 4.594 5.250 

3.391 4.069 4.747 5.426 
3.504 4.205 4.906 5.607 
3.620 4.345 5.069 5.793 
3.740 4.488 5,, 236 5.984 
3.803 4.636 5.408 6.181 

3.990 4.788 5.586 6.384 
4.120 4.944 5.768 6.592 
4.254 5.105 6.956 6.806 

4.391 5.269 6.147 *7.026 

4.533 5.440 6.346 7.253 


2.564 2.849 
2.660 2.955 
2.758 3.064 
2.859 3.177 
2.965 3.294 

3.073 3.414 
3.185 3.5jtf 
3.300 3.667 
3.420 3.800 
3.542 3.930 

3.668 4 070 
3.800 4.222 
3.935 4 372 
4 073 4.520 
4.210 4.085 

4.364 4.849 
3.514 5.010 
4.672 5.191 
4.833 5.370 
5.000 5.555 

5.170 5.745 
5.347 5.941 
5.528 6.142 
5.714 6 349 
5.907 6.568 

6.104 6.782 
6.308 7.009 
6.517 7.241 
6 732 7.480 
6.953 7.720 

J.182 7.980 
7.416 8.240 
7.657 8.508 
7.904 8.782 
8.159 9.w8 
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Weight op a Cubic Foot of Aqueous Vapor at Different 
Temperatures and Saturations (In Grains). Continued 


Percentage of saturation 


®F. 

10 

20 

| 30 

40 

| 50 

| 60 

| 70 

I 80 

90 

100 


Gr. 

Gr. 

Gr. 

Or. 

Gr. 

Gr. 

Gr. 

Gr. 

Gr. 

Gr. 

75 

0.936 

i 1.871 

2.807 

' 3.742 

*. 4 . 67f 

1 5.614 

1 6.549 

1 7.485 

1 8.42C 

1 9.350 

76 

0.906 

l 1.931 

2.896 

l 3.862 

! 4.82? 

1 5. 79.1 

t 6.758 

i 7.724 

« 8.69C 

1 9.655 

77 

0.996 

1.992 

! 2.98‘J 

1 3.985 

> 4.981 

. 5.977 

' 6.973 

1 7.97C 

1 8.90(3 

I 9.962 

78 

1.028 

2.05j 

i 3.083 

I 4.111 

5.13? 

1 6.161: 

i 7.194 

: 8.222 

! 9.249 

1 10.277 

79 

1.060 

2.120 

i 3.180 

4.240 

5.30C 

1 6.361 

7.421 

8.481 

9.541 

10.601 

80 

1.093 

2.187 

' 3.286 

4.374 

5.467 

' 6.566 

1 7.654 

8.747 

9.841 

10.934 

81 

1.128 

2.255 

3.382 

4.510 

5.638 

1 6.705 

i 7.892 

9.020 

10.148 

11.275 

82 

1.163 

2.325 

3.488 

4.050 

5.813 

1 6.976 

1 8.138 

9.301 

10.403 

11.626 

83 

1.190 

2.397 

3.590 

4.795 

5.994 

7.192 

8.391 

9.590 

10.788 

11.987 

84 

1.236 

2.471 

3.707 

4.942 

6.178 

7.414 

8.649 

6.885 

11.120 

12.358 

85 

1.274 

2.547 

3.821 

5.094 

6.368 

7.042 

8.915 

10.189 

11.462 

12.736 

86 

1.313 

2.625 

3.938 

5.251 

6.504 

7.877 

9.189 

10.502 

11.814 

13.127 

87 

1.353 

2.705 

4.058 

5.410 

6.703 

8.116 

0.408 

10.821 

12.173 

13.520 

88 

1.304 

2.787 

4.181 

5.575 

0.908 

8.302 

9.756 

11.150 

12.543 

13.937 

89 

1.436 

2.872 

4.308 

5.744 

7.180 

8.615 

10.051 

11.487 

12.923 

14.359 

00 

1 .479 

2.959 

4.437 

5.910 

7.395 

8.874 

10.353 

11.832 

13.311 

14.790 

91 

1.523 

3.047 

4.570 

6.094 

7.617 

9.140 

10.664 

12.187 

13.711 

15.234 

92 

1.509 

3.138 

4.707 

6.276 

7.844 

0.413 

10.982 

12.551 

14.120 

15.689 

93 

1.016 

3.231 

4.846 

6.462 

8.078 

9.693 

11.308 

12.924 

14.540 

16.155 

94 

1.063 

3.327 

4.990 

! 6.654 

' 8.317 

9.980 

11.644 

13.307 

14.971 

16.834 

95 

1.712 

3.425 

5.137 

6.850 

8.562 

10.274 

11.987 

13.699 

15.412 

17.124 

96 

1.763 

3.525 

5.288 

7.050 

8.813 

10.576 

12.338 

14.101 

15.863 

17.626 

97 

1.814 

3.628 

5.443 

7.257 

9.071 

10.885 

12.699 

14.514 

16.328 

18.142 

98 

1.867 

3.734 

5.601 

7.408 

9.336 

11.203 

13.070 

14.937 

10.804 

18.671 

99 

1.921 

3.842 

5.764 

7.685 

9.606 

11.527 

13.448 

15.370 

17.201 

19.212 

100 

1.977 

3.953 

5.030 

7.900 

9.883 

11.860 

13.836 

15.813 

17.780 

19.766 

101 

2.034 

4.067 

6.100 

8.134 

10.168 

12.201 

14.234 

10.268 

18.302 

20.335 

102 

2 002 

4.183* 

6.275 

8.307 

10. 458 

12.550 

14.642 

16.734 

18.825 

20.917 

103 

2.151 

4.303 

6.454 

8.000 

10.757 

12.908 

15.060 

17.211 

10.363 

21.514 

104 

2.212 

4 .425 

6.638 

8.80O 

11.002 

13.275 

15.488 

17.700 

19.912 

22.125 

105 

2.275 

4.51)0 

6.825 

9.100 

11.375 

13.650 

15.925 

18.200 : 

20.475 : 

22.750 

106 

2.339 

4.678 

7.018 

9.357 

11.696 

14.035 

16.374 

18.714 ; 

21.053 : 

23.302 

107 


4.809 

7.214 

9.619 

12.024 

14.429 

10.834 : 

19.238! 

21.643 ! 

24.048 

108 

2.472 

4.944 

7.416 

®.wwi: 

12.360 

14.832 

17.304 ; 

19.770! 

22.248 ! 

24.720 

109 

2.541 

5.082 

7.622 IQ. 163 ! 

12.704 : 

15.245 : 

17.786 i 

20.326 ! 

22.867 ! 

25.408 

110 

2.011 

5.222 

7.S34jlQ,445 ] 

13.056 : 

15.667] 

co 

r*- 

09 

CO 

20.390 * 

23.501 : 

26.112 
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Tension of Aqueous Vapor at Various Temperatures 1 


Temperature, 
degrees C. • 

Tension of aque- 
ous vapor in mm. 

Temperature, 
degrees C. 

Tension of aque- 
ous vapor in mm. 

0 

4.525 

21 

18.505 

1 

4.867 

22 

19 675 

2 

5.231 

23 

20.909 

3 

5.619 

24 

22. 

211 

4 

6.032 

25 

23. 

582 

5 

6.4?1 

26 

25.026 

6 

6 939 

27 

26 . 547 

7 

7.436 

28 

28.148 

8 

7.964 

29 

29 . 832 

0 

8.525 

30 

31.602 

10 

9.126 

31 

33.464 

11 

9.751 

32 

35.419 

12 

10.421 

33 

37.473 

13 

11.130 

34» 

39.630 

14 

11.882 

35 

41.893 

. 15 

12.677 

36 

44.268 

10 

13.519 

37 

46.758 

17 

14.409 

38 

49.368 

18 

15.351 

39 

52 . 103 

19 

20 

16.345 

17.396 

40 

54 . 969 


1 Winkler, “Technical Gas Analysis.” 


BAROMETRIC CORRECTIONS 

Corrections for Temperature 

(Mercury, Brass Scale Correct at 0°C.) 


, t Millimeters 



730 

740 

760 

760 

770 

780 

790 

15° 

0.178 

0.181 

0.183 

0.186 

0.188 

0. 191 

0.193 

16 

0.190 

0.193 

0.196 

0.198 

.0.201 

0 . 203; 

0.206 

17 

0.202 

0.205 

0.208 

0.210 

0.213 

0.216 i 

0.218 

18 

0.214 

0.217 

0.220 

0.223 

0.226 

0 .£29 

0 231 

19 

0.226 

0.229 

0.232 

0.235 

0.238 

0.241 

0.244 

20 

0.238 

0.241 

0.244 

0.247 

0.251 

0.254 

0.257 

21 

0.250 

0.253 

0.256 

0.260 

0.263 

0.267 

*0.970 

22 

0.261 

0.265 

0.269 

0.272 

0.276 

0.279 

0.283 

23 

0.273 

0.277 

0.281 

0.284 

0.288 

0.292 

0.296 

24 

0.285 

0.289 

ft . 293 

0.297 

0.301 

0.305 

0.309 


Corrections must be subtracted from observed readings, if reading at 
l#°C. is 760 mm., the corrected reading is 760 — 9.235, See also pp. 123 
and 123 . 
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Effect of Altitude on Barometric Pressures 1 ^ 

Table of altitudes in feet above sea-level; with corresponding approxi- 
mate barometric readings, atmospheric pressures and proportionate densities. 

(The capacity of an internal combustion engine at highet altitudes, as 
compared with its capacity at sea-level, is practically proportional to the 
atmospheric densities.) 

Proportionate 
atmospheric 
density 


1.00 
0.98 
0 96 
0 94 
0.93 


0.91 
0 89 
0.86 
0.83 
0.80 


0.77 
0.75 
0 73 
0 70 


i From the “Diesel Engine,” Busch-Sulzer Bros. Diesel Engino Co. 


Correction to be Added for Capillarity 1 


Diameter 
tube in 
inches 


0.15 
0.20 
0.25 
0.30 
0 35 
0 40 
0.45 
0.50 
0*55 * 


From Euenwood's “Steam Charts,” abbr. from Smithsonian table 
No. 103. • 

1 Add the corrections to the observed reading. 


Height of meniscus in inches 


0 

01 

• 

0 

.02 

0 

.03 

• 

0 

• 

.04 

0 

.05 

0 

.06 

0 

07 

0 

o 

00 

0. 

024 

0 

047 

0 

069 

0 

092 

0 

116 







0. 

Oil 

0 

022 

0 

033 

0 

045 

0 

059 

0 

079 





0. 

006 

0 

012 

0 

019 

0 

028 

0 

037 

0 

047 

o 

059 



0. 

004 

0 

oas 

0 

013 

0 

018 

0 

023 

0 

029 

0 

035 

o 

042 



0. 

005 

0. 

008 

0. 

012 

0 

015 

0 

019 

0 

022 

0. 

027 

. • 


0. 

004 

0. 

006 

0. 

008 

0. 

010 

0. 

012 

0 

014 

0 

016 





0. 

003 

0. 

005 

0 

007 

0. 

008 

0. 

010 

0 

.012 





0. 

002 

0 

,004 

0 

,005 

0. 

006 

0. 

006 

0 

007 





0 

,001 

0 

,002 

0 

.003 

0, 

004 

0. 

,005 

0 

005 


Altitude in feet 

c 

Barometer 
in inches 

a 

Atmospheric pres- 
sure in pounds per 
square inch 

0.00 

30 0 

14.72 

500.0 

29.5 

14 45 

1,000.0 

28 9 

14 18 

1,500.0 

28 4 

13.94 

2,000 0 

27 9 

13.69 

2,500.0 

27 4 

13 45 

3,000 0 

26.9 

13 20 

4,000 0 

26.0 

12.75 | 

5,000 0 

25 1 

12 30 

6,000.0 

24 92 

11.85 

-7,000.0 

23 3 

11.44 

8,000 0 

22 5 

11.04 

9,000 0 

21 7 

10 65 

10,000 0 

20 9 

10.26 
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Barometer Correction for Variation in q — Correct at 
• 45° N. or S. Latitude 


9 

73 

74 

75 

76 

77 

78 

' 79 

35° or 55° 

0.065 

0.066 

0.066 

0.067 

0.068 

0.069 

0.070 

40° or 50° 

0.032 

0.033 

0.033 

0.034 

0.035 

0.035 

0.035 


Subtract the correction for 35° and 40°. 
Add the correction for 50° and 55°. 


Batteries, E.ta.F. of Standard Cells 


Cell 

Description 

E.m.f. 

Resist- 

ance 

Bichromate . 

Zn and C in 1 vol. strong H 2 SO 4 and 
20 vol. sat. KjCraCb sol. 

2.0 

Very low 

Bunsen 

Zn in I vol. strong II 2 SO 4 : 12 vol. II 2 O 
C in Btrong lINOa. 

1.8-1. 9 


Clark 

Zn amalgam and Hg in Bat. Z 11 RO 4 sol 

1.433 

About 500 

Daniell. 

Zn in Z 11 SO 4 B 0 I. or H 2 SO 4 (1:12) Cu in 
sat CuS04 sol. ^ 

1.07-1.08 

About 4 

Grove. . . . 

Like Bunsen, C replaced by Pt. 

Zn and C in NH 4 CI, C and Mn 02 . 

1.8-1. 9 


Leclanchfi 

1.5 

0.25-0 4 

Secondary . . 

Pb and Pb02 in H 2 SO 4 of density 1.2 

2. 2-1. 9 


Tue*ker. 

Zn and C with Bat. CaCL boI. 

1 4 



Weston 

Cd amalgam, and Hg in sat. CdS04 boI. 

1.01828 

About 500 

Edison 

CuO and Zn in NaOH. 

1.12 

0.02-0.09 
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Liquids 

fighter 

than 

water 


Hydrometer Conversion Factors 

140 


> sp. gr. 


f B6.° + 130 
140 
' ap. gr 

To oorrect B6. readings to 60°F. : Correct roading = observed reading -)-■ 


■ 130 => B6.° 


Liquids 

heavier 

than 

water 


Sp. gr. 


145 


B6. € 


145 - B6.° 
145 


> 145 - 


ap. gr. 
60 - t 
10 


Apparently in order to make the hydrometer test for gasoline higher 
f '? r tV hcr A° 0nfU8,O n 1 ? hydro ? etera was introduced in 1923 by the agreement 
of the American Petroleum Institute, the Bureau of Mines, and the Bureau of 
a 8Calp ba*ed on the modulus 141.5 shall be used in the United 
States petroleum industry and shall be known as the A.P.I. scale, 
the formula for converting specific gravity to A P.I. is as follows: 

Degrees A.P.I. = li 1 ’*. - 131 5 

sp. gr. G0°/60°F. a 

.This scale differs from Baum 6 standard for liquids lighter than water in 
that the conversion modulus for the A.P I. scale is 141.5 instead of 140. 

True up gr (60/60.F.) - __ 

The relation between the U. S. Baum6 scale and the A.P.I. scale at 60°F is* 
Degrees A.P.I. = 1.010714 deg. B6. - 0.10714 
ThU8 IKS* ntn ! corros P° nt } 8 to 10.0 A.P I (141.5 modulus) 


onoii/. j ( iju “ ,b hu«ub w iu.u 1 u^l.o modulus) 

30 B6. (140 mod Corresponds to 30.2 A.P.I. (141.5 modulus) 
mod.) corresponds to 50 4 A.P I. (141.5 modulus) 


7n0TiA‘ * ou ‘i jK.r 1. (isi.o modulus) 

onoSi’ in mo j corresponds to 70 6 A.P I. (141 5 modulus) 
90 BA (140 mod.) corresponds to 90.8 A.P.I. (141.5 modulus) 
For the Twaddell hydrometer* 

Tw 0 

w + 1 - Bp Br - 

_ , 200 (sp gr - 1) = Tw. 

ror the Gay-Lussac (standardized at 4°C.): 

100 

: »P gr. 


G.-L.® 

100 


-h 100 


b.if. - 100 


=,G.-L 


For the Sikes hydrometer: 1° 
For the Beck (12.5°C )isp. gr. 


s 0 002 of sp. gr. 
170 

’ 170 + Beck° 

For the Cartier Q2.5°): sp. tr. = - 3 ? 

* B 126.1 + Cart. 0 

For the Brix and the Fisher (15.<f J C.): sp. gr. 


400 

400 + n° 
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Conversion Table for Degrees Batjm^ 1 

(Liquids lighter than water 3 ) 


Degrees 

Baum6 

Sp. gr. 

Pounds in 1 
gal. Ameri- 
can* 

Degrees 

Baum6 

Sp. gr. 

Pounds in 1 
gal. Ameri- 
can* 

10 

1.0000 

8.33 

43 

0.8092 

6.74 

11 

0.9929 

8.27 | 

44 

0.8045 

6.70 

12 

0.9859 

8.21 ! 

45 

•0.8000 

9.66 

13 

0.9790 

8.16 

46 

0.7954 

6.63 

14 

0.9722 

8.10 

47 j 

0.7909 

6.59 

15 

0.9655 

8.04 

48 

0.7865 

6.55 

16 

0.9589 

7.99 

49 

0.7821 

6.52 

17 

0.9523 

7.93 

50 

0.7777 

6.48 

18 

0.9459 

7.88 

51 

0.7734 

6.44 

19 

0.9395 

7.83 

52 

0.7692 

6.41 

20 

0.9333 

7.78 

53 

0.7650 

6.37 

21 

0.9271 

7.72 

54 

0.7608 

6.34 

22 

0.9210 

7.67 

55 1 

0.7567 

6.30 

23 

0.9150 

7.62 

56 

0.7526 

6.27 

24 

0.9090 

7.57 

57 

0.7486 

6.24 

25 

0.9032 

7.53 

58 

0.7446 

6.20 

26 

0.8974 

7.48 

59 

0.7407 

6.17 

27 

0.8917 

7.43 

60 

0.7368 

6.14 

28 

0.8860 

7.38 

61 

0.7329 

6.11 

29 

0.8805 

7.34 

62 

0.7290 

6.07 

30 

0.8750 

7.29 

63 * 

0.7253 

6.04 

31 

0.8695 

7.24 

64 

0.7216 

6.01 

32 

0.8641 

7.20 

65 , 

0.7179 

5.98 

33 

0.8588 

7.15 

66 

1 0.7142 

5.95 

34 

0.8536 

7.11 

67 

0.7106 

5.92 

35 

0.8484 

7.07 

\ 68 

0.7070 

5.89 

36 

0.8433 

7.03 

69 

0.7035 

5.86 

37 

0.8383 

6.98 

70 

0.7000 

5.83 

38 

0.8333 

6.94 

75 

0.6829 

5.69 

39 

0.8284 

6.90 

80 

0.6666 

5.55 

40 

0.8235 

6.86 

85 

D.6511 

5.42 

41 

0.8187 

6.82 

90 

0.6363 

- 5.30 

42 

0.8139 

6.78 

95 

0.6222 

* 5.18 


1 The Baum6 scale ta entirely arbitrary, so various authorities give* various 
values for the above table. These given above are from a table «pecially cal- 
culated for the "Petroleum Year Book, 1914” by TagliabuboI New York. 
For liquids heavier than water, s$e the sulphuric acid table on pp. 126 to 

8 Sp. gr. X 10 — pounds per imperial gallon. 
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Specific Gravity of Sulphuric Acid at 60® F., Compared 
with Water at 60°F. 

This table is the one approved and adopted as a standard by the Manu- 
facturing Chemists Association of the United States. (See note on p. 133.) 


Degrees 

Baum6 

Sp. gr. at 
60° 

60 s 

Degrees 

Twaddell 

Wt. of 

1 cu. ft in 
lb. Avoir. 

Per cent. 
H*S04 

Lb. of 66° 
acid in 

1 cu. ft. 

Melting 
(or freezing) 
point, °F. 

41 

1.3942 

78.8 

86.96 

49.47 

46.16 

-35.0 

42 

1.4078 

81.6 

87.80 

50.87 

47.92 

-*31.0 

43 

1.4216 

84.3 

88.67 

52.26* 

49.72 

-27.0 

44 

1.4356 

87.1 

, 89.54 

53.66 

51.56 

-23.0 

45 

1.4500 

90.0 

90.44 

55.07 

53.44 

-20.0 

46 

1.4646 

92.9 

91.35 

56.48 

55.36 

-14.0 

47 

1.4796 

95.9 

92.28 

57.90 

57.33 

-15.0 

48 

1.4948 

99.0 

93.23 

59.32 

59.34 

-18.0 

49 

1.5104 

102.1 

94.20 

60.75 

61.40 

-22.0 

50 

1.5263 

105.3 

95.20 

62.18 

63.52 

-27.0 

51 

1.5426 

108.5 

96.21 

63.66 

65 72 

-33.0 

52 

1.5591 

111.8 

97.24 

65.13 

67 96 

; -39.0 

53 

1.5761 

115.2 

98.30 

66 . Oft 

70 28 

i -49.0 

54 

1.5934 

118.7 

99.38 

68.13 

72.66 

-59.0 

55 

1.6111 

122.2 

100.48 

69.65 

75.10 


56 

1.6292 

125.8 

101.61 

71.17 

77 60 


57 

1.6477 

129.5 

102.77 

72.75 

80 23 


58 

1.6667 

133.3 

103.95 

74.36 

82 95 


59 

1.6860 

137.2 

105.16 

75.99 

85 75 

-7.0 

60 

1.7059 

141.2 

106.40 

77.67 

88.68 

+12.6 

61. 

1.7262 

145.2 

107.66 

79.43 

91.76 

+27.3 

62 

1.7470 

149.4 

108.96 

81.30 

95.06 

+39.1 

63 

1.7683 

153.7 

llLO.29 

83 I?4 

98.63 

+46.1 

64 

1.7901 

158.0 

111.65 

85.66 

102.63 

+46.4 

65 

1.8125 

162.5 

113.05 

88.6ft 

107.54 

+33.1 

66 

1.8354 

167.1 

114.47 

93.19 

114.47 

-29.0 


H,S0 4 • H 2 0 = 63.2°B6. apprcjx. = 83.74 cent. H 2 S0 4 . 
H2S0 4 *2H 2 0 = 56.9°B6. appro!. = 72.59 per cent. H 2 S0 4 . 


Temperature Corrections 

For each degree in observed temperature above 60°F. add the 
correction to the observed specific gravity to get the true specific 
gravity at 60°. For each degree below 60°, subtract. 

For 10°BA acid, 0 . 029 BA or 0 . 00023 sp. gr. per deg. F. 

For 20°B6. acid, 0.036 BA or 0.00034 sp. gr. pew deg. F. 

For 30°B A acid, 0 . 035 BA or 0 . 00039 sp. gr. per deg. F. 

For. 40°B6. acid, 0.031 BA or 0.00041 sp. gr. per deg. F. 

For 50°BA acid, 0 . 028 BA or 0 . 00045 sp. gr. per deg. F» 

For 60°BA acid, 0 . 026 BA or 0 . 00053 sp. gr. peF deg. F. 

For 63°B6. acid, 0.026 BA or 0.00057 sp. gr. per deg. F. 

For 66°BA acid, 0 . 0235 BA or 0 . 00054 sp. gr. per deg. F. 
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Specific Gravity of Sulphuric Acid 1 at I5°C., Compared 
to Water at 4°C. 4 
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» 

Specific Gravity of Sulphuric Acid 1 at 15°C., Compared to 
Water at 4°C. Continued 


Sp. gr. at. 

1 5° 

4° 

Degrees 

Baum6 

Degrees 

Twaddell 

100 parts of e.p. acid contain, 

per cent. 

SOa 

H 3 SO 4 

60°B6. 

acid 

50°B6. 

acid 

1.180 

22.12 

36 

20.21 

24. W 

31 . 73 

39.62 

1 . 185 

22.64 

37 

20.73 

25.40 

32.55 

40.64 

1.190 

23.15 

38 # 

21.26 

26.04 

33.37 

41.66 

1 195 

23.66 

39 

21.78 

26.68 

34.19 

42.69 

1.200 

24.17 

40 

22.30 

27.32 

35.01 

43.71 

1 205 

24 67 

41 

22.82 

27.95 

35.83 

44.72 

1.210 

25.17 

42 

23 33 

28.58 

36.66 

45.73 

1.215 

25 66 

43 

23 84 

29.21 

37.45 

46.74 

1.220 

26 15 

44 

24.36 

29.84 

38.23 

47.74 

1.225 | 

26.63 

45 

24.88 

30.48 

39.05 

48.77 

1 230 

26 11 

46 

25.39 

31*11 

39.86 

49.78 

1.235 

27 59 

47 

25 88 

31.70 

40.61 

50.72 

1 240 

28.06 

48 

26.35 

32.28 

41.37 

51.65 

1.245 

28 . 53 

49 

26.83 

32.86 

42.11 

52.58 

1 250 

29.00 

50 

27.29 

33.43 

42.84 

53.49 

1.255 

29 46 

51 

27.76 

34 00 

43.57 

54.40 

1.260 

29 92 

52 

28.22 

34.57 

44.30 I 

55.31 

1.265 

30.38 

53 

28.69 

35 14 

45 03 

56.22 

1 270 

30.83 

54 

29.15 

35.71 

45.76 

57.14 

1.275 

31.29 

55 * 

29.62 

36? 29 

j 46.50 

58.06 

1.280 

31.72 

56 

30 10 

36.87 

47.24 

58.99 

1.285 

32.16 

57 

30 . 57 

37.45 

47.99 

59.92 

1.290 

32.60 

58 

31.04 

38.03 

48.73 

60.85 

1 295 

33 03 

59 

31*52 

38.61 

49.47 

61.78 

1.300 

33.46 

60 

31.99 

39.19 

50.21 

62.70 

1.305 

33.89 

61 

32.46 

39.77 

50.96 

63.63 

1.310 

34.32 

62 

32.94 

40.35 

51.71 

64.56 

1 315 

34.74 

63 

33.41 

40.93 

52.45 

65.45 

1 320 

35.15 

64 

33.88 

41.50 

53.18 

66.40 

1 325 

35.57 

65 

34.35 

42.0$ 

53.92 

67.33 

1.330 

35.98 

66 

34.80 

42.66 

54.67* 

68.26 

1.335 

36.39 

67 

35.27 

43 20 

55.36 

69.12 

1.340 

36.79 

68 

35.71 

43.74 

156.05 

60. 9$ 

1.345 

37.19 

69 

36.14 

44.28 

56.74® 

70.85 

1 350 

37.59 

70 

36.58 

44.82 

57.43 

71.71 

1.355 

37.99 

71 

37.02 

45.35 

58.11 

72.56 
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Specific Gravity of Sulphuric Actu 1 at 15°C., Compared to 
Water at 4°C. Continued 




r" 



| 100 

parts of c. 

.p. acid contain, 

, per cent. 

Sp 

& at - 

Degrees 

Degrees 

— 

. 

. 






4° 

Baum6 

Twaddell 

SO 3 

H2SO4 

60°B6. 

acid 

50°B6. 

acid 

1 

3(50 

38 

38 1 

72 

37 

.45 

45 

.88 

58 

.79 

73.41 

1 

365 

38 

.77 

73 

37 

89 

46 

41 

59 

.48 

74.26 

1 

370 

39 

.16 

74 

38 

3'2 

46 

.94 

60 

.15 

75.10 

1 

.375 

39 

.55 

75 

38 

.75 

47 

.47 

60 

.83 

75.95 

1 

.380 

39 

.93 

76 

39 

.18 

48 

.00 

61 

.51 

76.80 

1 

385 

40 

.31 

77 

39 

62 

48 

.53 

62 

.19 

77.65 

1 

390 

40 

.69 

78 

40 

05 

49 

.06 

62 

.87 

78.50 

1 

395 

41 

.06 

79 

40 

.48 

49 

59 

63 

55 

79.34 

1 

400 

41 

.43 

80 

40 

.91 

50 

.11 

64 

.21 

80.18 

1 

405 

41 

80 

t 81 

41 

33 

50 

63 

64 

88 

81 01 

1 

.410 

42 

.16 

82 

41 

.76 

51 

15 

65 

.55 

81.86 

1 

.415 

42 

53 

83 

42 

.17 

51. 

.66 

66 

.21 I 

82.66 

1 

.420 

42 

89 

84 

42 

.57 

52 

15 

66 

.82 

83.44 

1 

.425 

43 

25 

85 

42 

.96 

52 

63 

67 

.44 

84.21 

1 

430 

43 

60 

86 

43 

36 

53. 

11 

68 

06 

84.98 

1 

435 

43 

95 

87 

43. 

.75 

53 

59 

68. 

.68 

85.74 

1 

440 

44 

30 

88 

44 

14 

54 

07 

69 

29 

86.51 

1 

445 

44 

65 

89 

44 

53 

54 

55 

69. 

.90 

87.28 

1 

.450 

45 

00 

90 

* 

44 

92 

55. 

,03 

70, 

.52 

88.05 

1 

455 

45 

34 

91 

45. 

31 

55 

50 

71. 

12 

88.80 

1 

460 

45 . 

68 

* 92 

45. 

69 

55. 

97 

71 

72 

89.55 

1 

465 

46 

02 

i 93 

46. 

07 

56 

43 

72 

31 

90 29 

1 

470 

46 

36 

94 

46. 

45 

56 

90 

72. 

91 

91.04 

1 

475 

46: 

•70 

95 

• 46. 

83 

57 

37 

73. 

51 

91.79 

1 

480 

47. 

03 

96 

47 

21 

57. 

83 

74. 

10 

92.53 

1. 

485 

47 

36 

97 

47 

57 

58 

28 

74. 

68 

93 25 

1. 

490 

47 

68 

98 

47 

95 

58 

74 

75 

27 

93.98 

1 . 

495 

48. 

01 

99 

48 

34 

59 

22 

75. 

88 

94.75 

1 . 

500 

48. 

33 ( 

100 

4S 

73 

59 

70 

76. 

50 

95.52 

1 . 

505 . 

48. 

65 

101 

49. 

12 

60 

18 

77. 

12 

96.29 

1 . 

510 

48. 

97 

102 

49. 

51 

60 

65 

77. 

72 

97 04 

I. 

515 

49. 

29 

103 

49. 

89 

61 

12 

78. 

32 

97.79 

i . 

520 

49. 

bo 

104 

50. 

28 

61 

59 

78. 

93 

98 54 

1 . 

525 ■ 

* 49. 

92 

105 

50. 

66 

62 

06 

79. 

52 

99.30 

1 . 

530 

50. 

23 

106 

tfl. 

04 

62. 

53 

80. 

13 

100.05 
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Specific Gravity of Sulphuric A^id 1 at 15°C., Compared to 
Water at 4°C. Continued 


Sp. gr. at. 
15° 

4° 

Degrees 

Baum6 

Degrees 

Twaddell 

100 parts of c.p. acid contain, per cent. 

SO 3 

n 2 S04 

60°B6. 

acid 

50°B6. 

acid 

1.535 

50.54 

107 

51.43 

63.00 

80.73 

UK). 80 

1.540 

50 84 

108 

51.78 

63. & 

81 28 

101.49 

1.545 

51.15 

109 » 

52.12 

63.85 

81 81 

102.16 

1.550 

51.46 

110 

52.46 

64.26 

82.34 

102.82 

1.555 

51 76 

111 

52.79 

64 67 

82 87 

103.47 

1.560 

52.05 

112 

53 12 

65.08 

83.39 

104.13 

1 . 565 

52.35 

113 

53 46 

65 49 

83.92 

104 78 

1 . 570 

52.64 

114 

53.80 

65.90 

84.44 

105.44 

1.575 

52.94 

115 

54.13 

66 30 

84.95 

106.08 

1.580 

53.23 

116 

54 46 

66 71 

85.48 

106 73 

1 585 

53 52 

117 

54 80 

07*13 

86 03 

107.41 

1 590 

53.81 

118 

55.18 

67.59 

86.62 

108.14 

1.595 

54 09 

119 

55 . 55 

68.05 

87.20 

108.88 

1.600 

54.37 

120 

55.93 

68.51 

87.79 

109.62 

1.605 

54.66 

121 

56.30 

68.97 

88.38 

110.35 

1.610 

54 74 

122 

56 68 

69.43 

88.97 

111.09 

1.615 

55 22 

123 

57 05 

69.89 

89.56 

111.82 

1.620 

55 49 

124 

57.40 

70.32 

90.11 

112.51 

1 625 

55 77 

125 

57.75 

70.74 

90.65 

113.18 

1.630 

56 04 

126 

58.09 

71*16 

91.19 

113.86 

1 635 

56.32 

127 

58.43 

71.57 

91.71 

114.51 

1.640 

56.59 

128 

58.77 

71.99 

92.25 

115.18 

1 645 

56.86 

129 

59.10 

72.40 

92.77 

115.84 

1 650 

57 13 

130 

59^.45 

72.82 

,93.29 

116.51 

1 . 655 

57.39 

131 

59. >8 

73.23 

93 81 

117.17 

1.660 

57 65 

132 

60.11 

73.64 

94 36 

117.82 

1 665 

57.91 

133 

60 46 

74.07 

94 92 

118 51 

1.670 

58.17 

134 

60.82 

74.51 

95.48 

119.22 

1.675 

58.43 

135 

61.20 

74.97 

96.07 

119.95 

1.680 

58.69 

136 

61.57 

75.42 

96.65 

120.67 

1.685 

58.95 

137 

61.93 

75.86 

97.2! 

121.38 

1.690 

; 59.20 

138 

62.29 

76.30 

97.77 

122.08 

1.695 

59.46 

139 

62.64 

76.73 

• 98.32 

122.77 

1.700 

1 59.71 

140 

63.00 

77.17 

98.89 

*9 

1&3.47 

1 705 

59.96 

141 

i>3.35 

77.60 

99.44 

124.16 

* 1.710 

60.20 

142 

63.70 

78.04 

100.00 

124.86 
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Specific Gravity of Sulphuric Acid 1 at 15°C., Compared to 
Water at 4°C. Continued • 


Sp. gr. at. 
15° 

4° 

Degrees 

Baum6 

Degrees 

Twaddell 

100 parts of c.p. acid opntain, per cent. 

SO3 

JI2SO4 

60°B<L 

acid 

50° B6. 
acid 

1.7]5 

60.45 „ 

143 

64.07 

78.48 

100.56 

125.57 

1.720 

60 70 * 

144 

64.43 

78.92 

101.13 

126.27 

1.725 

60 94 

145 

64.18 

79.36 

101.69 

126.98 

1.730 

61.18 

146 

65.14 

79.80 

102.25 

127.68 

1.735 

61.42 

147 

65.50 

80 24 

102.82 

128.38 

1.740 

61 66 

148 

65 86 

80.68 

103.38 

129.09 

1 745 

61.90 

149 

66 22 

81.12 

103.95 

129.79 

1.750 

62.14 

150 

66 58 

81.56 

104.52 

130.49 

1.755 

62 38 

151 

66 94 

82.00 

105.08 

131.20 

1.760 

62.61 

152 

67.30 

82.44 

105.64 

131.90 

1.765 

62 85 

• 153 

67.65 

82 88 

106.21 

132.61 

1.770 

63.08 

154 

68 02 

83 32 

106 77 

133 31 

1.775 

63.31 

155 

68.49 

83.90 

107.51 

134.24 

1.780 

63 54 

156 

68 98 

84 50 

108.27 

135.20 

1.785 

63 77 

157 

69.47 

85 . 10 

109.05 

136.16 

1 790 

63 99 

158 

69 96 

85.70 

109 82 

137.14 

1.795 

64.22 

159 

70.45 

86.30 

110.58 

138.08 

1.800 

64.45 

160 

70.94 

86.90 

111.35 

139.06 

1 805 

64.67 

. 161 

71.50 

87 60 

112 25 

140.16 

1.810 

64.89 

162 

72 08 

88.30 

113.15 

141.28 

1.815 

65 11 

163 

72 69 

89.05 

114 11 

142 48 

1.820 

65.33 

. 164 

73 51 

90 05 

115.33 

144.08 

1.821 

65.38 


73.63 

90 20 

115.59 

144.32 

1 .822 

65*42 

V 

73.80 

90.40 

115.84 

144.64 

1.823 

65.46 

73 96 

90.60 

116.10 

144.96 

1 824 

65 50 


74 12 

90.80 

116 35 

145.28 

1.825 

65 55 

165 

74 29 

91.00 

116 61 

145.60 

1.826 

65.59 


74.49 

91.25 

116.93 

146.00 

1.827 

65.64 • 


74.69 

91.50 

117.25 

146.40 

1.828 

65.68 


74.86 

91.70 

117.51 

146.72 

1.829 « 

65.72 


75.03 

91.90 

117.76 

147.04 

1.830 

65 76 

166 

75 19 

92.10 

118.02 

147.36 

1.831 

65 ^0 


75.35 

r 

92.30 

118.27 

147.68 

1.828 

65 85 


75.53 

92.52 

118.56 

148.03 

1.833 

65.89 


J5.72 

92.75 

’ 118.85 

148.40 
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Specific Gravity of Sulphuric Acid 1 at 15°C., Compared to 
Water at 4°C. Continued 


Sp.j^at. 

4» 

Degrees 

Baum6 

Degrees 

Twaddell 

100 parte of o.p. acid contain, 

per cent. 

so 3 

HaSOi 

60°B6. 

acid 

50° B6. 
acid 

1.834 

65 94 


75.96 

93. 0 B 

119.23 

1*48.88 

1.835 

65.98 

167 . 

76.27 

93.43 

119.72 

149.49 

1.836 

66.03 


76.57 

93.80 

120.19 

150.08 

1.837 

66.07 


76.90 

94.20 

120.71 

150.72 

1.838 

66.11 


77 23 

94.60 

121.22 

151.36 

1.839 

66 16 


77.55 

95.00 

121.74 

152.00 

1.840 

66.20 

168 

78.04 

95.60 

122.51 

152.96 

1.8405 

66.22 


78.33 

95.95 

122.96, 

153.52 

1.8410 

66.24 


79.19 

97.00 

124.30 

155.20 

1.8415 

66.26 


79.76 

97*70 

125.20 

156.32 

1.8410 

66 24 


80.16 

98.20 

125.84 

157.12 

1.8405 

66.22 


80.57 

98.70 

126.48 

157.92 

1.8400 

66.20 


80.98 

99.20 

127.12 

158.72 

1.8395 

66.18 


81.18 

99.45 

127.44 

159.12 

1.8390 

66.16 


81.39 

99 70 

127.76 

159.52 

1 8385 

66.14 


81.59 

99.95 

128.08 

159.92 


1 According to Lunge and Isleu, and Lunge and Naef. Lunge, “The 
Manufacture of Sulphuric Acid antf Alkali,” D. Van Nostrand & Co., New 
Y ork. 


To reduce specific gravities observed at other temperatures 
than 15° C . to 15° C ., roughly : For each degree above or below 
15°, add to or subtract from the specific gravity observed: 

0 . 0006 with acids tef 1 . 170 
0.0007 with acids from 1 . 170 to 1 .450 
0.0008 with acids from 1.450 to 1.580 
0.0009 with acids from 1 . 580 to 1.750 
0.0010 with acids from 1.750 to 1.840 

Per cent. Per cent. Per cent. Boils Melts 

HaSO* 66° acid 60° acid i)t at Sp. gr. 

66° acid = 93.19 = 100.00 = 119.98 538° F . - 29° F . 1.8354 

60° acid = 77 67 = 83.35 = 100.00 386° F . + 12^. 1.7059 

50° acid = 62.18 - 66.72 = 80.66 295° F . - 27° F . 1.5263 

Note. — The table given on pp> 128 to 133 is ftsed by the dje- 

makers, that on pp. 126 and 127 by the acid manufacturers and 
powder plants. • The differences are in the third or fourth figures 
and areprobably less than th^errors of observation. The New 
Jersey Zinc Co. uses figures differing slightly from both tables. 
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Specific Gravity of Hydrochloric Acid 


4° 

Degrees 
Bau 1116 

Degrees 

Twaddell 

| 100 parts acid contain by weight 

Per cent., 
HC1 

Per cent., 
18° acid 

Per cent., 
20° acid 

Per cent. 
22° acid 

1.000 

0.00 

0 0 

0.16 

0 57 

0 49 

0.45 

1.005 

0.72 

1 

1 15 

4.08 

3.58 

3 25 

1.010 

1.44 

2 

2.14 

7.60 

6 66 

6.04 

1 0»5 

2 14 4 

3 

3 12 

11 08 

9.71 

8 81 

1 020 

2.84 

4 

4.13 

14 67 

12.86 

11 67 

1.025 

3 53 

5 

5 15 

18 30 

16 04 

14 55 

1.030 

4.22 

6 

6.15 

21 85 

19 16 

17 38 

1 035 

4 90 

7 

7 15 

25 40 

22 27 

20 20 

1.040 

5 58 

8 

8 16 

28 99 

25 42 

23.06 

1.045 

6 24 

9 

9 16 

32 55 

28.53 

25.88 

1.050 

6.90 

10 

10 17 

36 14 

31 68 

28.74 

1.055 

7 56 

11 

11 IS 

39 73 

34.82 

31 59 

1 060 

8.21 

12 

12 19 

43 32 

37.97 

34.44 

1 .065 

8.85 

13 

13 ] 9 

46 87 

41.09 

37.27 

1.070 

9.49 

• 14 

14 17 

50 35 

44.14 

40.04 

1.075 

10.12 

15 

15 16 

53 87 

47 22 

42 84 

1.080 

10 74 

16 

16 15 

57 39 

50.31 

45.63 

1 085 

11 36 

17 

17 13 

00 K7 

53.36 

48.40 

1 .090 

11 97 

18 

IS 11 

64 35 

56.41 

51.17 

1 095 

12 58 

19 

19 06 

67.73 

59.37 

53.86 

1 100 

13 18 

20 

20 01 

71 11 

62 33 

56.54 

1 . 105 

13 78 

21 

20 97 

74.52 

65.32 

59.26 

1 110 

14 37 

22 

21 92 

77.89 

68 28 

61.94 

1 115 

11 95 I 

23 

22 86 

81 .23 

71 21 

64 60 

1 120 

15 54 

24 

23 82 

84.64 

74 20 

67 31 

1 . 125 

16 11 

25 

24 78 

88 06 

77.19 

70.02 

1.130 

16 68 

26 

25 75 

91 50 

80 21 

72 76 

1 135 

17 25 

27 

26 70 

94 SS 

83.18 

75.45 

1 140 

17 81 

4 28 

27 . 66 

98 29 

86.17 

78.16 

1 145 

18 36 

29 

28 61 

101 67 

87.66 

79 51 

1.150 

18 4)1 

30 

. 29 57 

105 08 

92.11 

83.55 

1.155 

19 46 

31 tf 

30 55 

108 58 

95 17 

86 32 

1 160 

20 00 

32 

31.52 

112 01 

98.19 

89.07 

1 165 

20 54 

33 

32 49 

115 46 

101 21 

91.81 

1 170 

21 07 

34 

33.46 

118 91 

104.24 

94.55 

1.175 

21 60 

• 35 

34 42 

122 32 

107 22 

97.26 

1.180 

22.12 

36 

35 39 

125.76 

110 24 

100.00 

1 185 

22 64 1 

37 

36.31 

129 03 

131 11 

102.60 

1 190 

23 15 

38 

37.23 

132 30 

115 98 

105.20 

1 195 

23 66 

39 

38 16 

135.61 

118.87 

107.83 

1.200 

24 17 , 

L 1 

40 

39.11 

138.98 

121.84 

110.51 


This table is taken from Lunge. Other authorities differ, 
giving in one case as much as 40.78 per cent, .of HC1 in 1.20 
sp. gr. acid. That acid of 0°B6. can contain 0.16 HC1 is due 
to taking the sp. gr. at 15°C. as compared with water at 4°C. 
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135 


Specific Gravity of Nitric Ac^d at 15° Compared with 
* Water at 4° 


Sp. gr. 
15* 

4°~ 

Degrees 

Baum6 

Degrees 

Twaddell 

[ 100 parts of acid contain by weight 

n 2 o 6 

HNOa 

38° acid 

40° acid 

48.5° 

acid 

1 000 

0 00 

0 

0 08 

0 10 

0.19 

0.J6 

0.10 

1 .005 

0.72 

1 

0.85 

L00 

1.89 

1.61 

1.03 

1 .010 

1.44 

2 

1.62 

1 90 

3»60 

3 07 

n .95 

1 015 

2.14 

3 

2.39 

2 80 

5.30 

4.52 

2.87 

1 .020 

2.84 

4 

3 17 

3.70 

7.01 

5.98 

3.79 

1.025 

3.53 

5 

3.94 

4.60 

8.71 

7.43 

4.72 

1.030 

4 22 

6 

4.71 

5 50 

10.40 

8.88 

5 64 

1.035 

4 90 

7 

5.47 

6 38 

12 08 

10 30 

6.54 

1.040 

5.58 

8 

6.22 

7.26 

13 75 

11 72 

7.45 

1 045 

6 24 

9 

6.97 

8 13 

15 40 

13 13 

8.34 

1.050 

6 90 

10 

7.71 

8 99 

17.03 

14.52 

9.22 

1.055 

7.56 

11 

8.43 

9.84 

18.64 

15 89 

10 09 

1.060 

8.21 

12 

9.15 

10 68 

20.23 

17 25 

10.95 

1.065 

8.85 

13 

9 87 

11 51 

21 80 

18 59 

11 81 

1 070 

9.49 

14 

10.57 

12.33 

23 35 

19 91 

12 65 

1.075 

10.12 

15 

11.27 

13.15 

24.91 

21 24 

13 49 

1.080 

10 74 

16 

11.96 

13 95 

26.42 

22.53 

14 31 

1 085 

11 36 

17 

12 64 

14 74 

27 92 

23.80 

15.12 

1 090 

11 97 

18 

13 31 

15 53 

29 41 

25 08 

15 93 

1.0Q5 

12 58 

19 

13 99 

16.32 

30 91 

26.35 

16 74 

1.100 

13.18 

20 

14.67 

• 

17 11 

32.41 

a 

27.63 

17.55 

1 105 

13 78 

21 

15.34 

17.89 

33.89 

28 89 

18.35 

1.110 

14.37 

22 

16.00 

18.67 

35.36 

30.15 

19.15 

1.115 

14 95 

23 

16 67 

19 45 

36 84 

31 41 

19 95 

1.120 

15.54 

24 ; 

17 34 

20 23 

38 31 

32 67 

20 75 

1.125 

16.11 

25 

18.00 

21.00 

39 77 

*33.91 

21.54 

1.130 

16.68 

26 

IS 66 

21.77 

41.23 

35 16 

22 23 

1.135 

17.25 

27 

19.32 

22 54 

42.69 

36.40 

23 12 

1.140 

17 81 

28 

19.98 

23 31 

44 15 

37.65 

23.91 

1.145 

18.36 

29 

20 64 

24 08 

45 61 

38.89 

24 70 

1.150 

18.91 

30 

21.29 

24.84 

47.05 

• 

40 12 

25.48 

1.155 

19 46 

31 

21 94 

25 60 

48 49 

41.35 

26 26 

1.160 

20 00 

32 

22 60 

26.36 

49.92 

42 57 

27 04 

1.165 

20.54 

33 

23 . 25 

27 12 

51.36 

43.80 

27.82 

1.170 

21.07 

34 

23 90 

27 88 

52 80 

•45 03 

28.59 

1 175 

21.60 

35 

24 54 

28 63 

54 22 

46.24 

29.36 

1.180 

| 22.12, 

36 

25.18 

e_ 

29.38 

55.64 

47.45 

30.13 
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Specific Gravity of NitiCic Acid at 15° Compared w^th 
Water at 4°. Continued 






100 parts of acid contain by weight 

Sp 

1 

kpj 

4° 

1 

Degrees 

Baum6 

Degrees 

Twaddell 

NzOs 

HNOs 

38° acid 

40° 

acid 

48.5° 

acid 

1 

.185 

22.64 

37 

125.83 

30.13 

57.07 

48 

.66 

30.90 

1 

.190 

23.15 

38 

26.47 

30.88 

58.49 

49 

.87 

31.67 

1 

.196 

23.66 

39 

27.10 

31.62 

59.89 

51 

.07 

32.43 

1 

.200 

j 24.17 

40 

27.74 

32.36 

C> 

61.29 

52 

.26 

33.19 

1 

205 

24.67 

41 

28.36 

33.09 

62.67 

53 

23 

33.94 

1 

.210 

[ 25.17 

42 

28 99 

33.82 

64.05 

54 

.21 

34.69 

1 

.215 

25.66 

43 

29.61 

34.55 

65.44 

55 

.18 

35.44 

1 

.220 

26.15 

44 

30.24 

35 28 

66.82 

56 

.16 

36.18 

1 

.225 

26.63 

45 

30.88 

36.03 

68.24 

57 

.64 

36.95 

1 

.230 

27.11 

46 

31.53 

36.78 

69.66 

59 

.13 

37.72 

1 

.235 

27.59 

47 

32.17 

37.53 

71.08 

60 

.61 

38.49 

1 

.240 

28.06 

4 S 

32.82 

38 29 

72.52 

61 

.84 

39.27 

1 

.245 

28 53 

49 

33.47 

39 05 

73.96 

63 

.07 

40.05 

1 

.250 

29 00 

50 

34.13 

39.82 

75.42 

64 

.31 

40.84 

1 

.255 

1 29.46 

51 

34 78 

40 58 

76.86 

65 

.54 

41*62 

1 

.260 

29.92 

52 

35.44 

11 34 

78.30 

66 

.76 

42.40 

1 

.265 

30.38 

53 

36.09 

42.10 

79.74 

67 

.99 

43.18 

1 

.270 

30 83 

54 

36 75 

42.87 

81 20 

69 

.23 

43.97 

1 

.275 

31.29 

55 

37.41 

43.64 

82.65 

70 

.48 

44.76 

1 

.280 

31.72 

56 

38 07 

44.41 

84.11 

71 

72 

I 45.55 

1 

.285 

32.16 

57 * 

38 73 

45 *. 18 

85.57 

72 

96 

46.34 

1 

.290 

32 60 

58 

39.39 

45 95 

87.03 

74 

.21 

47.13 

1 

.295 

33.13 

59 

40.05 

46 72 

88.48 

75 

.45 

47.92 

1 

.300 

33.46 

&) 

40.71 

47.49 

89.94 

76 

.70 

48.71 

1 

.305 

33 . 89 * 

61 

41.37 

48 28 

91.40 

77 

.94 

49.50 

1 

.310 

34.32 

62 

42 Z )6 

49 07 

92 94 

79 

.25 

50.33 

1 

.315 

34.74 

63 

42.76 

48 89 

94.49 

80 

.57 

51.17 

1 

.320 

35.15 

64 

43.47 

50 71 

96.05 

81 

.90 

52.01 

1 

.325 

35.57 

65 

44.17 

51.53 

97.60 

83 

.22 

52.85 

1 

.330 

35.98 

66 ' 

44.89 

52.37 

99.19 

84 

.58 

53.71 

1 

.335 

| 36 39 

t )7 

45.62 

53.22 

100.80 

85 

.95 

54.58 

1 

.340 

36.79 

68 

46.35 

54.07 

102.41 

87 

.32 

55.46 

1 

.345 

37.19 

69 

47 08 

54.93 

104.04 

88 

.71 

56.34 

1 

.350 

37.59 

• 

70 

47.82 

55.79 

105.67 

90 

.10 

57.22 

l c 

355 

37.99 j 

71 . 

48 57 

56.66 

107.31 

91 

.51 

58.11 
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Specific Gravity of Nitric Acid at 15° Compared with 
• Water at 4°. Continued 


Sp. ST., 
16® 

4° 

Degrees 

Baum6 

Degrees 

TwaddeU 

100 parts of aoid contain by weight 

NaOa 

HNOa 

38° acid 

40° acid 

48.5° 

acid 

1.360 

38.38 

72 

49.35 

57.57 

109.03 

92.97 

59.05 

1.365 

38.77 

73 

50.13 

58.48 

110.75 

94 44 

59.98 

1.370 

39.16 

74 

*50.91 

59.39 

112.48 

95.91 

60.91 

1.375 

39.55 

75 

51.69 

60.30 

114.20 

97.38 

61.85 

1.380 

39.93 

76 

52.52 

61.27 

116.04 

98.95 

62.84 

1.385 

40.31 

77 

53.35 

62.24 

117.88 

100.51 

63.84 

1.390 

40.69 

78 

54.20 

63.23 

119.75 

102.12 

64.85 

1.395 

41.06 

79 

55.07 

64.25 

121.68 

103.76 

65.90 

1.400 

41.43 

80 

55.97 

65.30 

123.67 

105.46 

66.97 

1.405 

41.80 

81 

56.92 

66.40 

125.75 

107.24 

68.10 

1.410 

42.16 

82 

57 86 

67.50 

127.84 

109.01 

69 23 

1.415 

42 53 

83 

58.83 

68.63 

129.98 

110.84 

70.39 

1.420 

42.89 

84 

59.83 

69.80 

132.19 

112.73 

71.59 

i . 425 

43.25 

85 

60.84 

70.98 

134.43 

114.63 

72.80 

1.430 

43 60 

86 

61.86 

72.17 

136.68 

116.55 

74 02 

1.435 

43.95 

87 

62.91 

73.39 

138.99 

118.52 

75.27 

1.440 

44 30 

88 

64.01 

74.68 

141.44 

120 61 

76.59 

1.445 

44.65 

89 

65.13 

75.98 

143.90 

122.71 

77.93 

1.450 

45 00 

90 

66.24 

77.28 

146.36 

9 

124.81 

79.26 

1.455 

45 34 

91 

67.38 

78.60 

148.86 

126.94 

80.62 

1.460 

45 68 

92 

68.56 

79.98 

151.47 

129.17 

82.03 

1.465 

46 02 

93 

69.79 

81.42 

154.20 

131.49 

83.51 

1.470 

46 36 

94 

71.06 

82.90 

157.00 

133.88 

85 03 

1.475 

46 70 

95 

72.39 

,84.45 

159.04 

136.39 

86.62 

1.480 

47.03 

96 

73.76 

86.05 

162.97 

138.97 

88 26 

1.485 

47.36 

97 

75.13 

87.70 

166.09 

141.63 

89.95 

1.490 

47 68 

98 

76.80 

89.60 

169.69 

144.70 

91.90 

1.495 

48 01 

99 

78.52 

91.60 

173.48 

147.93 

93.95 

1.500 

48.33 

100 

80.65 

94.09 

178.19 

• 

151.99 

96.50 

1.505 

48.65 

101 

82.63 

96.39 

182.55 

155 # 67 

98.86 

1.510 

48.97 

102 

84.09 

98.10 

185.79 

158.43 

100.62 

1 515 

49 29 

103 

84.92 

99.07 

187.63 

160.00 

100.61 

1.520 

49.60 

104 

85.44 

99.67 

188. 7f 

160.97 

» 

.102.23 
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Specific Gravity of Ammonia Water at 60° F . Compared 
with Water at 60° F . 


9p. ST. 

60 s 

60° 

Degrees 

Baum6 

Per cent., 

NH 3 

Sp. gr. 
60 s 

60® 

Degrees" 

Baum6 

Per cent., 
NHa 

1.0000 

10.00 

0 00 

0 9333 

20.00 

17.76 

0.0064 

10.50 

0.80 

0.9302 

20.50 

18.72 

0 9929 

11. of 

1.62 

0,9272 

21.00 

19 68 

0 9894 

11.50 

2.46 

0 9241 

21.50 

20 64 

0.9859 

12.00 

3.30 

0.9211 

22 00 

21 60 

0 9825 

12.50 

4 16 

0 9180 

22.50 

22 56 

0 9790 

13.00 

5 02 

0 9150 

23.00 

23 52 

0 9756 

13 50 

5 88 

0 9121 

23.50 

24 50 

0.9722 

14 00 

6.74 

0 9091 

24.00 

25 48 

0 9689 

14.50 

7.61 

0 9061 

24.50 

26.46 

0.9655 

15.00 

8 49 

0.9032 

25 00 

27 44 

0.9622 

15 50 

9 38 

0 9003 

25 50 

28.42 

0.9589 

16 00 

10.28 

0 8974 

26.00 

29.40 

0 9556 

16 50 4 

11.18 

0 8946 

26 50 

30 38 

0.9524 

17 00 

12 10 

0 8917 

27.00 

31 36 

0.9492 

17.50 

13 02 

0 8889 

27.50 

32 34 

0.9459 

18.00 

13.96 

0 8861 

28 00 

33 32 

0.9428 

18 50 

14 90 

0 8833 

28.50 

34 30 

0.9396 

19 00 

15 84 

0 8805 

29.00 

35.28 

0.9365 

19 50 

16 80 





Corrections to be added fA* each 
degree below 60°F , in degrees 
Bauni6 

Corrections to be subtracted for 
each degree above 60°F., in 
degrees Baum/' 

B6.° 

40°F. 

_ 

50°F | 

70°F 

80° 

90° 

100° F. 

14 

0.015 

1 

0 017 1 

t 

0.020 

0 022 

0.024 

0 026 

16 

0.021 

0 023 

0 026 

0.028 

0.030 

0.032 

18 

0.027 

0.029 

0 031 

0 033 

0 035 

0 037 

20 

0.033 

.0 036 

0 037 

0 038 

0.040 

0.042 

22 

0.039 

0 042 

0.043 

0 045 

0.047 


26 

v. 

0.053 

► 0 057 

0 057 

0 059 




The above table hap bern approved by the Manufacturing Chemists’ 
Association of the United States and is reprinted by its courtesy. 
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Specific Gravity of Caustic Potash Solutions at 15°C.* 

(Grams KOH per 100 grams solution) 


Sp. gr. 

Per cent.. 
KOH 

Sp. gr. 

Per cent., 
KOH 

Sp. gr. 

Per cent., 
KOH 


5 

1.288 

30 

1.604 

55 


10 

1.349 

35 

1.667 


1.124 

15 

1.411 

40 

1.729 

65 

1.175 

20 1 

1.475 

45 * 

1.790 


1.230 

25 

1.539 

! 

50 




1 This and the succeeding 14 tables are from Chemer & Bicknell’s 
Chemical and Metallurgical Handbook. They are originally from the work of 
Kohlrausch and Holborn, Gerlach, Schiff, etc. 


Specific Gravity of Caustic Soda Solutions at 15°C. 


Sp. gr. 

Per cent., 
NaOH 

Sp. gr. 

Per cent., 
NAOH 

Sp. gr. 

Per cent., 
NaOH 

1.059 

5 

1.332 

30 * 

1.591 

55 

1.115 

10 

1.384 

35 

1.643 

60 

1.170 

15 

1.437 

40 

1.695 

65 

1 225 

20 

1.488 

45 

1.748 

70 

1.279 

25 


50 




Specific Gravity of Hydrofluosilicic Acid at 15°C. 


Sp. gr. 

Per cent., 

Sp. gr. 

Per cent , 

Sp. gr. 

Per cent.. 

H 2 SiF 6 

HaSiF s 

HaSiF. 

1 0407 

5 


I 


30 

1.0834 

10 

1.2235 



34 

1.1281 

15 

IHH 

mm 



Specific Gravity of Sodium 

arbonate 

Solutions at 15°C,. 

Sp. gr. 

Per cent., 
NajCOa 

Sp. gr. 

Per cent., 
NajCOs 

Sp. gr. 

Per cent,. 
NaaCOi 

1.01050 

1 

1.06309 

6 

1.11655 

11 

1.02101 

2 

1.07369 

7 » 

1.12740 

12 

1.03151 

3 

1.08430 

8 

1 . 13845 

13 

1.04201 

4 

1.09500 

9 

1 . 14940 

14 

1.05255 

5 

1 . 10571 

10 

1 . 15360 

14 . 354 




_ii 
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Specific Gravity of Calcium Chloride Solutions at lfif’C. 




Sp. gr. 

Per cent., 
CaCl* 

Sp. gr. § 

Per cent., 
CaCla 

1.01704 

2 

1 . 14332 

16 

1.28789 

30 

1.03407 

4 

1 . 16277 

18 

1.31045 

32 

1.05146 

6 

1.18222 

20 

1.33302 

34 

1.06921 

8 

1.20279 

22 

1.35610 

36 

1 . 0869$ 

10 

*1.22336 

24 

1.37970 

38 

1 . 10561 

12 

1 . 24450 

26 

1.40330 

40 

1 . 12427 

14 

1.26619 

28* 

1.41104 

46.46 


Specific Gravity of Zinc Chloride at 19.5°C. 


Sp. gr. 

Per cent., 
ZnClt 

Sp. gr. 

Per cent ( 
ZnCla 

Sp. gr. 

Per cent., 
ZnCla 


5 

1.238 

25 

1.488 

45 


10 

1.291 

30 

1 566 

50 


15 

14,352 

35 | 

1.650 1 

55 

1.187 

20 

1.420 

40 

1.740 

60 


Specific Gravity of Ferric Chloride Solutions at 17.5°C. 




Sp. gr. 

Per cent., 
1'eCla 

Sp. gr. 

Per cent., 
FeCl» 

1.0146 

2 

1.1746 

22 

1 3870 

42 

1.0292 

4 

1.1950 

24 

1.4118 

44 

1.0439 

6 

1*2155 

26 

1 . 4367 

46 

1.0587 

8 

1 2365 

28 

1.4617 

48 

1.0734 

10 

1.2568 

30 

1 4867 

50 

1.0894 

12 

1 . 2778 

32 

1 5153 

52 

1.1054 

14 

1 . 2988 

34 

1 5439 

54 

1.1215 

16 . 

1.3199 

36 

1 . 5729 

56 

1.1378 

18 # 

1.3411 . 

• 38 

1 6023 

58 

1 . 1542 

20 

1.3622 ' 

40 

1.6317 

60 


Specific Gravity of Cuprous Chloride Solutions at 17.5°C. 


Sp. gr. 

Per cent., 
CuCli 


Per cent., 
CuCl* 

Sp. gr. 

Per cent., 
CuCla 

1.0182 

• 2 


16 

1.3618 

30 

1.0364 

4 

1.1958 

18 

1 . 3950 

32 

1.0548 

6 . 

1 . 2223 

20 

1.4287 

34 

1 . Of 34 * 

8 

1.2501 

22 

1.4615 

36 

1.0920 

• 10 

1.2779 

24 

1 . 4949 ! 

38 

1.1178 

12 

1 . 3058 

.26 

1.5284 

40 

1 . 1436 

14 


28 
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Specific Gravity of Lead Acetate Solutions at 15°C. 

i 


Sp. gr. 

Per cent., 
PbAj 

Sp. gr. 

Per cent., 
PbAj 

Sp. gr. j 

Per cent., 
PbAs 

1.0127 

2 

1 . 1384 

20 

1.2967 

38 

1.0255 

4 

1.1544 

22 

1.3163 

40 

1.0386 

6 

1 . 1704 

24 

1.3376 

42 

1.0520 

8 

1.1869 

26 

1.3588 

44 

1.0654 

10 

1 . 2040 

28 » 

1.3810 

» 46 

1.0796 

12 

1.2211 

30 

1.4041 

48 

1.0939 

14 

1 ,2395 

32 

1.4271 

50 

1.1084 

16 

1 . 2578 

34 



1 . 1234 

18 

1.2768 

36 




Specific Gravity of Ferric Sulphate Solutions at 17.5°C. 


Sp. gr. j 

Per cent., 
Fe 2 (SO«) 3 

Sp. gr. 

Per cent., 
Fe 2 (S0 4 ) 3 

Sp. gr. 

Per cent.. 
Fes(SO«)a 

1.0170 

1 2 

1 . 2066 

22™ 

1 . 4824 

42 

1.0340 

4 

1.2306 

24 

1.5142 

44 

1.0512 

6 

1.2559 

26 

1.5468 

46 

1.0684 

8 

1.2825 

28 

1.5808 

48 

1.0854 

10 

1.3090 

30 

1.6148 

50 

1.1042 

12 

1.3368 

32 

1.6508 

52 

1.1230 

14 

1.3646 

34 

1.6868 

54 

1.1424 

16 

1.3927 

36 

1.7241 

56 

1.1624 

18 

1.4217 

38 

1.7623 

58 

1 .1826 

20 

1.4506 

40 

1.8006 

60 



! 






Specific Gravity of FeS0 4 -7H 2 0; CuS0 4 -5H 2 0 and ZnS0 4 - 
7H 2 0 Solutions at f5°C. 


Sp. gr. 

Per cent., 
ZnSO, 7HsO 

Sp.gr. 

Per cent., 
CuS04-5H 2 0 

iSp. gr. 

Per cent., 
FeS0 4 7Hi0 

1.0288 

5 

1.0126 

2 

1.011 

2 

1 . 0593 

10 

1.0254 

4 

1.021 

4 

1.0905 

15 

1.0384 

6 

1.032 

6 

1.1236 

20 

1.0516 

8 

1.043 

8 

1.1574 

25 

1.0649 

10 * 

1.054 

10 

1.1933 

30 

1.0785 

12 

1.065 

12 

1.2310 

35 

1.0923 

14 

1.082 * 

15 

1.2709 

40 

1.1063 

16 

1.112 

20 

1.3100 

45 

1.1208 

18 

1». 143 

• 22 

1.3522 

50 

1.1354 

20 

1.174. 


1.3986 

55 

1.1501 

22 

1.206 

35 

1.4451 

*60 

1 1650 

24 

1.239 

40 
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Specific Gravity of Sodium Chloride Solutions 


Per cent., 
NaCl 

10°C. 

20°C. 

Per cent., 
NaCl 

10°C. 

20°C. 

1 

1.00707 

1.00534 

14 

1 . 10491 

1.10085 

2 

1.01442 

1.01246 

16 

1 . 12056 

1.11621 

4 

1.02920 

1 02680 

18 

1.13643 

1.13190 

6 t 

1.04408 

1 04127 

20 

1 . 15254 

1.14779 

8 * 

1 05907 

1.05589 

22 

1.16891 

1.16395 

10 

1.07419 

1 07068 

24 

1 . 18557 

1 18040 

12 

1.08946 

1 08566 

26' 

1 20254 

1.19717 


Solution is saturated at slightly over 26 per cent. NaCl. Table reprinted 
from International Critical Tables, Vol III 


Density of Sugar Solutions at 20°C. Compared to Water 
AT 4°C. 1 


Percent , 
sugar 

Sp. gr. 

i i 

Per cent. , 
sugar 

Sp. gr j 

I Per cent., 
j sugar 

Sp. gr. 

1 

1.00212 

15 

1.05917 

65 

1.31633 

2 

1.00602 

20 

1 .08096 

70 

1 34717 

3 

1 .00993 

25 

1 10350 

75 

1 37897 

4 

1 .01388 

30 

l . 1 2698 

80 

1.41172 

5 

1.01785 

35 

1.15128 

85 

1.44539 

6 

1.02186 

40 

1 17645 

90 

1 47998 

7 

1.02589 

& 

1 20^54 

1 22957 

95 

1 51546 

8 

1 .02994 


100 

1.55180 

9 

1.03814 

55 

1 . 25751 



10 

1 .03403 

. 60 

1 28646 




*Data furnished b^ the Bureau of Standards. 
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> 

Alcohol- Water Mixtures 


Cutyc centimeters 
abs. alcohol in 
100 cc. mixture 

Density of 
C2H 6 0H-H 2 0 
mixture to water 
at 15°C. 

Per cent, by 
weight of ethyl 
alcohol 

1 

0 9984 

0.80 

. 2 

0.9969 

1.64 

3 

0 9955 

2.44 

4 

0 9941 

3.24 

5 

0 9928 

4.04 

10 

0 9865 

8.15 

15 

0.9810 

12.26 

20 

0 9759 

16.44 

25 

0 9708 

20.45 

30 

0.9655 

24.89 

35 

0 9592 

29.20 

40 

0 9520 

33.59 

45 

0.9436 

37.97 

50 

0 9344 

. 42.69 

55 

0.9242 

1 47.44 

60 

0 9135 

5? 34 

65 

0 9022 

57.39 

70 

0.8903 

62 62 

75 

0.8776 

68 04 

SO 

0 8642 

73 69 

85 

0.8498 

79.59 

90 

0.8342 

85 82 

95 

0.S1G4 

92 54 

100 

0.7943 

* i 

100.00 

» 


Alcohi 

By wt. 

A 

By vol. 

Sp gr? % 
00° F. 1 

British 

proof 

American 

proof 

Fiscal 

proof 

100 

100 

0 794 

74.8 

200 

175.35 

49.22 

1 57 

0.920 

proof 

114 

100 

42 48 

50 

0.934 

-12 4 

100 

86 17 


Note — Formerly proof spirit was such that it could be poured over gun- 
powder and the powaer would still burn, a test easily applied by smugglers 
and the like. See also p. 14G for other alcohol constants. 




Percentage of salt by weight in 100 lb. solution 
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Specific Gravity of *Alcoiiol- Water Mixtures 




Ethyl alcohol 

r 

Parts alcohol 
by weight 





Per cent. 

10°C. 

15°C. 

20°C. 

40°G. 

by volume 
60°F. 

0 

0 . 99973 

0 99913 

0 99823 

0 99225 

0 000 

*2 

0 99002 

0 99258 

0 99542 

0 99453 

0 98840 

2 510 

4 

0 99195 

0 99103 

0 98485 

5.002 

6 

0 98940 

0 98877 

0 98780 

0 98142 

7 479 

8 

0 . 08000 

0 98584 

§ 98478 

0 97808 

9 943 

10 

0 98393 

0 98301 

0 98187 

0.97475 

12 393 

12 

0 98145 

0 98011 

0 97910 

0 97150 

14 832 

14 

0 97911 

0 97790 

0 97043 

0 90829 

17 259 

10 

0 97092 

0 97552 

0 97387 

0 90512 

19 676 

18 

0 97473 

0 97313 

0 97129 

0 90189 

22.081 

20 

0 97252 

0 97008 

0 90804 

0 95856 

24 472 

22 

0 97021 

0 90818 

0 96592 

0 95510 

26 849 

24 

0 90787 

0 90558 

0 90312 

0 95108 

29.210 

20 

0 90539 

0 90287 

0 90020 

0 94810 

31 . 555 

28 

0 90208 

0 95990 

0 . 957 1 0 

0 94438 

33 879 

30 

0 95977 

0 95080 

0 95382 

0 94055 

36 181 

32 

0 95055 

0 95357 

0 95038 

0 93002 

38 459 

34 

0 953 ? U 

0 95011 

0 94078 

0 93257 

40 710 

30 

0 04980 

0 91050 

0 94306 

0 92813 

42 914 

38 

0 91020 

0 94273 

0 93919 

0.92422 

45 149 

40 

0 94238 

0 93882 

0. 9351 8 

0 91 992 

47 328 

42 

0 93842 

0 93178 

0 93107 

0 91554 

49 i 480 

44 

0 93433 

0 93002 

0 92085 

0 91108 

51 605 

40 

0 93017 

0 92040 

0 92257 

0 90000 

53 705 

48 

0.92593 

0 92211 

0 91823 

0 90207 

55 780 

50 

0.92102 

0 91 770 

0 91381 

v) 89750 

57 830 

52 

0.91723 

0 91333 

0 90930 

0 89288 

59 852 

54 

0 91279 

0 90885 

0 90185 

0 88823 

61 . 850 

50 

0 90831 

0 90433 

0 90031 

0 88350 

03 820 

58 

0 90381 

0 89980 

0 89574 

0 87888 

65 708 

00 

0 89927 

0 89523 

0 89113 

0 87417 

07 090 

02 

0 8940ff 

0 89002 

k 0 88050 

0 80943 

09 586 

04 

0 . 89000 

0 88597 

0 88183 

0 80400 

71 455 

60 

0.88511 

0.88130 

0 87713 

0 85987 

73 299 

08 

0.88074 

0 87000 

0 87211 

0 85507 

75.117 

70 

0 87602 

0 87187 

0 80700 

0 85025 

76.909 

72 

0 87127 

0 80710 

0 80287 

0 84540 

78 672 

74 

0 80048 

0 80229 

0 85800 

0 84053 

80 410 

70 

# 0 80J08 

0 85 r 17 

0.85322 

0 83561 

82 121 

78 

0 85085 

0 8/262 

0 84835 

0 83074 

83 805 

80 

0 85197 

0 81772 

0 84344 

0 82578 

85 459 

82 

0 84702 

0 84277 

0 83848 

0 82079 

87 083 

84 

0 84203 

0 83777 

0 83348 

0 81570 

88 678 

86 

0 83097 

0 83271 

0 . 82840 

0 81007 

90 240 

88 

0 831 $1 

0 82754 

0 82323 

0 80552 

91 766 

00 

0.82654 

0 S2227 

0 81797 

0 80028 

93 254 

92 

0.8^114 

0 81088 

0 81257 

0.79491 

94 700 

94 

0.8U561 

0 81134 

0 80705 

0 78047 

96 103 

96 

0 80991 

0 80500 

0 80138 

0 78388 

97 459 

98 * 

0 80399 

0.79975 

0.79547 

0 77800 

98 759 

100 

0 79784 

0 79300 

! 

0 78934 

0 77203 

100 000 


(■fturdl&u of Standards, Circ. 19. 

Distilled «water at 4°C. (maximum density) as 1. 
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Temperature Corrections of Alcoholometers 1 Standard 
at 60°F. 


Ob- 
served 
per oent 
alcohol 

- 





Observed temperatures, 

degrees Fahrenheit 





50 

+ 

52 

+ 

54 

+ 

56 

+ 

58 

+ 

62 

64 

66 

68 

70 

75 

80 

85 

0 

0 

.37 

0 

.32 

0 

.26 

0 18 

0 09 

0.09 

0.21 

0 

33 

0 

,47 

0 

.61 

0 

.92 

1 

.4)4 



2 

0 

39 

0 

.33 

0 

.20 

0.18 

0.10 

0.11 

0.23 

0 

.35 

0 

48 

0 

.63 

1 

02 

1 

.46 



4 

0 

42 

0 

.35 

0 

.28 

0. 19 

0.10 

0.12 

0.25 

0 

.38 

0 

52 

0 

67 

1 

.08 

1 

54 

2 

.05 

6 

0 

.48 

0 

.40 

0 

.32 

0.22 

0. 1*1 

0.14 

0.27 

0 

.42 

0 

.57 

0 

.74 

1 

.18 

1 

.66 

2 

.19 

8 

0 

56 

0 

.47 

0 

.36 

0.25 

0.13 

0.16 

0.31 

0 

.47 

0 

.64 

0 

.81 

1 

.28 

1 

.80 

2 

.37 

10 

0 

.06 

0 

.55 

0 

.43 

0.30 

0.16 

0.17 

0.34 

0 

.52 

0 

71 

0 

.90 

1 

.43 

1 

99 

2 

.59 

12 

0 

81 

0 

68 

0 

.52 

0.30 

0.18 

0.20 

0.39 

0 

.59 

0 

.80 

1 

.02 

1 

.58 

2 

.20 

2 

.84 

14 

0 

99 

0 

80 

0 

.62 

0.42 

0.21 

0.22 

0.44 

0 

.66 

0 

.91 

1 

.14 

1 

.78 

2 

.44 

3 

.12 

16 

1 

19 

0 

.96 

0 

74 

0.49 

0.24 

0.20 

0.52 

0 

.77 

1 

.03 

1 

.31 

2 

02 

2 

.72 

3 

43 

18 

1 

41 

1 

14 

0 

.80 

0.58 

0.29 

0.29 

0 58 

0 

.88 

1 

.18 

1 

.49 

2 

.25 

3 

03 

3 

78 

20 

1 

62 

1 

.31 

0 

99 

0.07 

0 34 

0.32 

0.60 

0 , 

.98 

1 

.33 

1 

.65 

2 

.48 

3 

.33 

4 

17 

22 

1 

82 

1 

.46 

1 

.10 

0.74 

0.38 

0.36 

0.71 

1 

.07 

1 

.44 

1 

.78 

2 

.66 

3 

56 

4 

.46 

24 

1 

98 

1 

58 

1 

.20 

0.80 

0 40 

0.38 

0.77 

1 

,16 

1 

.54 

1 

.91 

2 

84 

3 

78 

4 

.75 

26 

2. 

.12 

1 . 

69 

1 , 

,27 

0.85 

0,42 

0 40 

0.80 

1 . 

,21 

1 

.64 

2 

.02 

3 

.01 

4 

00 

5 

00 

28 

2 

24 

1 

78 

1 

34 

0.89 

0.44 

0.42 

0.80 

1 

.30 

1 

.72 

2 

.12 

3 

.21 

4 

.19 

5 

23 

30 

2 

31 

1 . 

.84 

1 

36 

0.90 

0.44 

0.40 

0.91 

1 . 

35 

1 

.79 

2 

.22 

3 

.31 

4 

.37 

5 

.44 

32 

2 

32 

1. 

,86 

1. 

.30 

0.92 

0.40 

0.46 

0 91 

1 . 

,36 

i 

.81 

2 

.26 

3 

.36 

4 

.48 

5 

57 

34 

2. 

31 

1 . 

,85 

1 , 

,38 

0.92 

0 40 

0.46 

0.91 

1 . 

36 

1 , 

.82 

2 

.27 

3 

.40 

4 

.53 

5 

64 

36 

2. 

28 

1 . 

,82 

1 , 

.37 

0.91 

0.40. 

0.40 

0 92 

1 . 

,37 

1 , 

.82 

2 

. 27 

3, 

.41 

4 

54 

5 

67 

38 

2. 

26 

1 . 

,80 

1 

30 

0.90 

0.40 

0.46 

0.91 

1 . 

,36 

1 

.81 

2 

.26 

3 

.39 

4 

.52 

5 

65 

40 

2. 

24 

1 . 

79 

1 . 

.34 

0.89 

0.45 

0.45 

0.90 

1 

,34 

1. 

.79 

2 

.24 


.36 

4 

48 

5 

61 

45 

2. 

14 

1 . 

71 

1 . 

28 

0.85 

0.42 

0.44 

0.87 

1 . 

,30 

1 . 

,74 

2 

.17 

3. 

.25 

4 

30 

5 

47 

50 

2. 

04 

1 . 

64 

1 . 

23 

0.81 

0.40 

0.42 

0.84 

1 . 

25 

1 . 

,66 

2 

.09 

3. 

.14 

4 

20 

5 

20 

55 

1 . 

98 

1 

58 

1 . 

19 

0.79 

0.39 

0.40 

0.81 

1 . 

21 

1 , 

,61 

2 

02 

3 

03 

4 

.05 

5 

09 

60 

1 . 

90 

1 . 

52 

1 . 

14 

0.70 

0.39 

0.39 

0.78 

1 . 

17 

1 . 

,55 

1 

.95 

2 

93 

3 

.93 

4 

.94 

65 

1 . 

85 

1 . 

47 

1 

11 

0.74 

0.38 

0.38 

0.75 

1 . 

13 

1 . 

,50 

1, 

.881 

2. 

,84 

3. 

80 

4. 

,78 

70 

1 

78 

1 . 

42 

1 . 

08 

0.72 

0.36 

0.36 

0.72 

1 . 

,09 

1 . 

,45 

1 , 

.82 

2 

.74 

3, 

.68 

4 

63 

75 

1 . 

71 

1 

36 

1 

04 

0.70 

0.34 

0.34 

0.70 

1 . 

05 

1 . 

,40 

1 . 

.75 

2. 

63 

3. 

.54 

4 

.45 

80 

1 

63 

1 . 

30 

0 . 

98 

0.66 

0.32 

0.34 

0.08 

1 . 

00 

1 . 

,33 

1 . 

.68 

2. 

.53 

3. 

.38 

4. 

.26 

82 

1 

60 

1 . 

28 

0 . 

90 

0.64 

0 . 32, 

,0.32 

0.65 

0.98 

.1. 

.31 

1 , 

.64 

2. 

.47 

3 

32 

4. 

.18 

84 

1 . 

56 

1 . 

24 

0 . 

94 

0.62 

0 . 30 

0 . 32 

0.64 

0 . 

90 


,28 

1 

60 

2. 

.41 

3 

26 

4 

09 

86 

1 . 

51 

1 . 

20 

0 . 

91 

0 60 

0.30 

0.31 

0.62 

0 . 

93 

1 

21 

1 

56 

2 

36 

3 

17 

3. 

99 

88 

1 . 

46 

1 . 

16 

0 . 

88 

0 58 

0.29 

0.31 

0.00 

0 . 

90 

1 

20 

1 

51 

2. 

28 

3 

08 

3 

88 

90 

1 . 

39 

1 . 

12 

0 . 

84 

0 50 

0.28 

0.29 

0.58 

0 . 

80 

1 

15 

1 

45 

2 

20 

2 

96 

3 

73 

92 

1 . 

32 

1 . 

06 

0 . 

82 

0.53 

0.26 

0.27 

0 54 

0 . 

82 

1 

09 

1 

51 

2 

09 

2 

82 

3. 

56 

94 

1 

22 

0 

98 

0 . 

74 

0 49 

0.21 

0.25 

0 51 

0 , 

70 

1 . 

02 

1 

29 

1 

95 

2. 

64 

3. 

36 

96 

1 . 

12 

0 . 

90 

0 . 

68 

0.45 

0.23 

0.23 

0.40 

0 

70 

0 

94 

1 

19 

1 . 

86 2 

46 

3. 

11 

98 

0 . 

99 

0 . 

79 

0 . 

00 

0.40 

0.20 

0 21 

fjL 41 

0.63 

0 

85 

1 

07 

1 

65 2. 

24 

2. 

85 

100 









0.18 

0? 36 

0 . 

fl 

0 

74 

0 

91 

1 

43 1 

93 

2. 

47 


1 

1 







1 




Add the correction if the temperature at which observations are made is 
below 60°F.; subtract the correction if the temperature of observation be 
above 60°F. 

1 Bureau of Standards, CVc., 19. 
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BOILING POINTS 

Boiling Points of the Metals 6 


• 

Visible 

ebullition 

Volatili- 

zation 

com- 

mences 


Visible 

ebullition 

Volatili- 

zation 

com- 

mences 

Antimony. . . . 
Chromium.. . . 

GoFr. 1 :::::: 

Manganese. . . 

1420° CL 2 
2200° C. 2 
2310°C. 2 
2100°C 8 
1900°C. 2 

142(j 0 C. 8 
960°C. 8 
970°C. 1 
1290°C. 3 

Silicon 

Silver 

Tantalum .... 

Tin •. 

Thallium 

W olfram 

3800°C. 4 
1955°C. 2 

227. r j°C. 2 
1280°C (?) 
3700°C. 4 

1350°C.« 

850°C. 

2200°C.* 

880°C.« 

2450°C. 8 


1 According to Tiede and Hirnbrauer, copper boils at 2000°. 

2 According to H. C. G keen wood. 

* According to Tiede and Birnbradeh, Zeit. anorg . chem ., 1914, p. 129. 
4 Watts, Tr. Electrochem . Roc., 1907, p 141. 

6 For further data see pp. 302 and 303. 



Beginning of 
evaporation 
in oacuo 1 

Boiling point 
in vacuo 1 

Boiling-point 
7G0° mm. 1 

Bismuth 

270°C. 

993°C. 

1440°C. 

Cadmium 

15G 

450 

749 

Mercury .... 

-40 

155 

357 

Potassium 

63 

365 

667 

Silver 

680 

1360 

1955 

Sodium 

98 

418 

742' 

Zinc c 

Sulphur 

184 . 

. . .... 

550 

920 

444.5 


1 According to H. C. Greenwood. 


Boiling Points of £yf>ME Common Compounds 


Ammonia _ 29°F. 

Camphor (C 10 H JB O) . 408 4°F. 

Carbon dioxide ... -112°F. 

Carbon disulphide. 115 3°F. 

Ethylene brgmide. .. 320.0°F. 

Sulphur dioxide + 14°F. 
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Boiling Points of Nitric Acid Solutions in Water 1 


(160 mm. pressure) 


Per cent., • 

Boiling point, 

Per cent.. 

Boiling point. 

HNOi 

degrees C. 

HNO. 

degrees C. 

19.37 

103.56 

67.74 

121.67 

30.43 

108.08 

68.18 

121.79 

41.38 

112.59 

69.24 

121.80 

51.63 

116 85 

71 . lO 

121 .'60 

56.01 

118 88 

73.56 

120.75 

59.77 

120.06 

80 50 

115.45 

63 89 

121.27 

85.51 

108.12 

65.17 

121.66 

90.06 

95 . 45 

102.03 

95.42 




1 Creighton and Githens, “Journal of the Franklin Institute/’ Feb- 
ruary, 1015. 


A solution containing 20.24 per cent, of HC1 by weight boils 
unchanged at 110°C., i.e at a lower concentration the solution 
will grow stronger on boiling; at a higher* concentration it will 
grow weaker; at this concentration vapor and liquid are in 
equilibrium at 760 mm. pressure. 




Equivalent Evaporation from a nd at 212 Degrees 1 

Pressure of steam in pounds absolute — dry saturated 
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Equivalent Evaporation from and at 212 Degrees. Continued 

Pressure of steam in pounds absolute — dry saturated 
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Pressure of steam in pounds absolute — dry saturated 
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Boiling Point of Water under Various Barometric 
Pressures 


Pressure 
mm. of 
mercury j 

0 

1 

2 

3 

4 

5 

0 

7‘ 

6 

9 

080 

°C. 

96.91 

90.95 

97.00 

97.03 

97.07 

97.11 

97.15 

97.20 

97.24 

97.28 

090 

07.32 

97.36 

07.40 

97.44 

97.48 

07.52 

97.56 

97.59 

97.63 

97.67 

700 

07.71 

97.75 

97.79 

97.83 

97.87 

97.91 

97.95i 

97.99 

68.03 

98.07 

710 f 

98.11 

98.14 

98.18 

98.22 

98.26 

98.30 

98.34 

98.38 

98.42 

98.45 

720 

08.40 

98.57 

1 98.57 

98.61 

| 

98.65 

98.69 

98.72 

98.76 

98.80 

98.84 

730 

98.88 

98.91 

* 98.95 

98.99 

99.03 

: 99.07 

99. 10 1 

99.14 

99.18 

1 99.22 

740 

99.25 

09.29 

09.33 

99.37 

99.41 

09.44 

00.48 

99.52 

99.56 

99.59 

750 

09.63 

99.67 

99.70 

99.74 

99.78 

99.81 

99.85 

99.89 

99.93 

99.06 

760 

100.00 

100.03 

100.07 

100.11 

100.15 

100.18 

100.22 

100.26 

100.29 

100.33 

770 

100.37 

(100.40 

100.44 

100.47 

100.51 

100.55 

100.58 

100.62 

100.66 

100.60 

780 

100.73 

100.76 

100.80 

100.84 

100.87 

100.91 

100.04 

100.98 

101.01 

101.05 


The Thermal Properties of Steam 

Probably the most critical investigation yet made of the 
thermal properties of fsteam was that of G. A. Goodenough of 
the University of Illinois, from whose work the following for- 
mulas are taken : 

The relation found between the pressure temperature of the 
steam is as follows : 

log p = 10.5688080 - 487 ®; 643 - 0.0155 log T 
- 0.00406258 J 1 + 0.00000400555T 2 

where p is the pressure in pounds per square inch, and T the 
absolute temperature in Fahrenheit units, while t is the tempera- 
ture in Fahrenheit degrees. The absolute zero is taken as 
— 459.6°F. For the specific volume of the steam Professor 
Goodenough gi^s the cxprcsf^On : 

v = 0.017 = 0.59465^ - (1 + 0.05129pK) £} 


where v denotes the volume in cubic feet per pound, and log 
Ci = 10.82500. The' “heat content” of steam- at different 
temperatures and pressures is: 


i = 0.320 T + 0. 000063 T 2 - ? 3 |~ 

_ 0-0342pM) + 0 00333p + 94g 7 


where 


log C 3 = 18.79155 
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Tfye entropy of superheated steam is given by the relation 
* = 0.73683 log T + 0.000126T - - 1 '™ 15 

- 0.26355 log p - *-^' 0S42p) _ 0 0g085 

where 

log Ci = 10.69464 

The thermal properties of steam at vcfy high pressures and 
temperatures are stated tq be as follows: 


Tempera- 

ture, 

degrees F. 

Pressure, 
lb. per 
sq. in. 

Volume 
of 1 lb., 
cu. ft. i 

Weight 
of 1 

CU. ft , 

lb. 

| Iloat content of | 

Latent 

heat, 

B.t.u. 

Liquid, 

B t.u. 

Vapor, 

B.t.u. 

600.0 

1540.4 

0.272 

3.68 

604.5 

1164 

560 

620.0 

1658.7 

0.241 

4.15 

633.0 

1151 

518 

640.0 

2056.6 

0.187 

5.35 

663.0 

1136 

473 

660.0 

2360.8 

0.151 

6.63 

700.0 

1112 

412 

680.0 

2699.1 

0.118 

9.86 

745.0 

1080 

335 

700.0 

3074.5 

0.080 

12.46 

823.0 

1016 

193 

706.3 

3200.0 

0.048 

20.92 

921.0 

021 

0 


The temperature of steam in contact with water depends upon 
the pressure under which it is generated. At ordinary atmos- 
pheric pressure (14.7 lb. per square inch) the temperature is 
212°F., but as the pressure increases the temperature of both 
the steam and the water also increases. 

Saturated steam is steam' of the temperature due to its pres- 
sure, while superheated steam is steam heated to a temperature 
above that due to its pressure. Saturated steam cannot be 
cooled except by lowering its pressure. Steam in contact with 
water cannot be heated above the temperature due to its 
pressure. ^ * 

The latent heat or heat of vaporization is obtained by sub- 
tracting from the total heat at any given temperature the heat 
of the liquid. Since the “total heat" is greater as the pressure 
increases, it will take more heat, and consequently more fuel, to 
make a pound of steam as the pressure increases. 
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Table op Properties of Saturated Steam 1 , 


Prefr; 
sure in 
pounds 
per 
Bquare 
inch 

Tem- 

pera- 

ture, 

Fahren- 

heit 

Total heat in heat 
units above 32°F. 

Heat of 
vaporiza- 
tion of 
latent 
heat (L) 
in heat 
units 

L = //-A 

Density 
oi weight 
m 

pounds 
of 1 
cu. ft. 

Volume 
in cubic 
feet of 

1 lb. 

Factor 
of equiv- 
alent 
evapor- 
ation at 
212°F. 

In the 
steam 
(//) 

In the 
water 

(A) 

1 

^01.99 

1113. 1 ^ 

70.0 

1043.0 

0.00299 

334.5 

0.9661 

2 

126 . 27 

1120.5* 

94.4 

1020 1 

0 00576 

173.6 

0 9738 

3 

141.62 

1125.1 

109.8 

1015.3 

0.00844 

118.5 

0 9786 

4 

153.09 

1128.6 

121.4 

1007.2* 

0 01107 

90.33 

0.9822 

6 

162.34 

1131.5 

130.7 

1000.8 

0.01366 

73.21 

0.9852 

6 

170.14 

1133.8 

138.6 

995.2 1 

0.01622 

61. G5 

0.9876 

7 

176.90 

1135.9 

145.4 

990 5 

0.01874 

53.39 

0.9897 

8 

182.92 

1137.7 

151.5 

986 2 

0.02125 

47.06 

0.9916 

9 

188.33 

1139.4 

150.9 

9N2 5 

0 . 02374 

42.12 

0.9934 

10 

193.25 

1140.9 

161.9 

979.0 

0.02621 

38.15 

0.9049 

15 

213.03 

1140.9 

181.8 

905.1 

0.03826 

26.14 

1.0003 

20 

227.95 

1151.5 

196 . 9 

954 . 0 

0 . 05023 

19.91 

1.0051 

25 

240.04 

1155.1 

209 . 1 

946 0 

0.06199 

16.13 

1.0099 

30 

250.27 

1158.3 

219.4 

938 . 9 

0.07360 

13.59 

1.0129 

35 

259.19 

1161.0 

^228.4 

932. G 

0.08508 

11.75 

1.0157 

40 

267.13 

1163.4 

236.4 

927.0 

0 . 09644 

10.37 

1.0182 

45 

274.29 

1165.6 

243.6 

922.0 

0.1077 

9.285 

1.0205 

50 

280.85 

1167.0 

250.2 

917.4 

0.1188 

8.418 

1 . 0225 

55 

286.89 

1169.4 

256.3 

913. 1 

0 . 1 299 

7.698 

1 . 0245 

60 

292.51 

1171.2 

201.9 

909.3 

0.1409 

7.097 

1.0263 

65 

297.77 

1172.7 

267.2 

905.5 

0.1519 

6.583 

1.0280 

70 

302.71 

1174.3 

272.2 

902 . 1 

0 1628 

6.143 

, 1.0295 

75 

307.38 

1175.7 

276.9 

89 S . 8 

0.1736 

5.760 

1.0309 

80 

311.80 

1177 0 

281.4 

895.6 

0.1843 

5.426 

1.0323 

85 

216.02 

1178.3 

285.8 

892 . 5 

0.1951 

5.126 

1.0337 

90 

320.04 

1179.6 

290.0 

889.6 

0.2058 

4.859 

1.0350 

95 

323 . 89 

1180.7 

204.0 

886.7 

0.21G5 

4.619 

| 1.0362 

100 

327.58 

1181.0 

£97.9 

884.9 

0.2271 

4.403 

1.0374 

105 

331.13 

1182.9 

301.6 

881.3 

0 . 2378 

4.205 

1.0385 

110 

334 . 56 

1184.0 

305.2 

878.8 

0.2484 

4.026 

1.0396 

115 

337.86 

1185.0 

308.7 

87G.3 

0.2589 

3.862 

1.0400 

120 

341.05 

1186.0 

312.0 

874.0 

0.2695 

3.711 

1.0416 

125 

344.13 

1186.9 

315.2 

871.7 

0 . 2800 

3.571 

1 . 0426 

130 

347.12 

1187.8 

318.4 

809 . 4 

0 2904 

3.444 

1 . 0435 

140 

352.85 

1K9.5 

324.4 

jPSG 5 . 1 

0.3113 

3.212 

1.0453 

150 

358.26 

1191.2 

330.0 

SGI . 2 

0.3321 

3.011 

1 . 0470 

160 

363.40 

1192.8 

335.4 

857.4 

0.3530 

2.833 

1 . 0486 

170 

368.29 

1194.3 

340.5 

853 . 8 

0.3737 

2.676 

1 . 0502 

180 

372.97 

1195.7 

345.4 

850.3 

0.3945 

2.535 

1.0517 

190 

377.44 

1197.1 

350.1 

847.0 

0.4153 

2.408 

1.0531 

200 

381 . 73 

1198.4'. 

354 0 

843.8 

0.4359 

2.294 

1 . 0545 

225 

391.79 

1201.4. 

365 . 1 

836.3 

0.4876 

2.051 

1.0570 

250 

400.99 

1204.2 

374.7 

829 . 5 

0.5393 

1.854 

1 . 0605 

275 

409 . 50 

1206.8 

383.0 

823 2 

0.5913 

1.691 

1.0632 

300 

417. *12 

1209.3 

391.9 

817.4 

0.644 

1.553 

1.0657 

325 

424 . 82 

1211.5 

399.6 

811.9 

0.696 

1.437 

1.0680 

350 

431.90 

1213.7 

406.9 

806.8 

0.748 

1.337 

1.0703 

37^ 

438.40 

1215. 7 

414.2 

801.5 

0.800 

1.250 

1.0724 

400 

445 .,15 

1217.7 

421.4 

796.3 

0.853 

1.172 

1 . 0745 

500 

466.57 

1224.2 

444.3 

779.9 

1.065 

0.039 

1.0812 


J Kent, “Mechanical Engineer's Pocket-Book,” New York, 1913, p 836. 
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Vapor Tensions of Various Metals 1 

* (As calculated by J. Richards, "Metallurgical Calculations”) 


Vapor tension, 
mm. of mercury 

Mercury 
at C.° 

Lead 
at C.° 

Silver 
at C.° 

Gold 
at C.° 

Cadmium 
at G\° 

Zinc 
at C.° 

0.0002 

0 

625 

729 

942 

183 

248 

0.0005 

10 

658 

766 

987 

200 

267 

0.0013 

20 

691 

802 

1031 

216 

286 

0.0029 

30 

724 

839 

1075 

233 

305 

0.0063 

40 

757 

876 

n S° 

250 i 

324 

0.013 

50 

790 

913 

1165 

267 

344 

0.026 

GO 

•822 

949 

1209 

283 

363 

0.050 

70 

855 

986 

1254 

300 

382 

0.093 

80 

888 

1023 

1298 

317 

401 

0.165 

90 

921 

1059 

1343 

333 

420 

0.285 

100 

954 

1096 

1387 

350 

439 

0.478 

110 

9S7 

1133 

1432 

367 

458 

0.779 

120 

1020 

11G9 

1476 

383 

477 

1.24 

130 

1053 

1206 

1520 

400 

496 

1.93 

140 

1086 

1243 

1565 

417 

516 

2.93 

150 

1119 

1280 

1611 

433 

535 

4.38 

160 

1151 

1316 

1654 

1%99 

450 

554 

6.41 

170 

1184 

1353 

467 

573 

9.23 

180 1 

1217 1 

13901 

17431 

4831 

5921 

14.84 

190 

1250 

1427 

1788 

500 

611 

* 19.90 

200 

1283 

1463 

1832 

517 

630 

26.25 

210 

1316 

1500 

1877 

533 

649 

34 70 

220 

1349 

1537 

1921 

550 

668 

45.35 

230 

1382 

1574 

1965 

567 

687 

58.82 

240 

1415 

1610 

2010 

584 

706 

75.75 

250 

1448 

1647 

2055 

600 

726 

96 73 

2G0 

1480 

1684 

2099 

617 

745 

' 123 0 

270 

1513 

1720 

2144 

634 

764 

155 0 

280 

1546 

1757 

2188 

650 

783 

195.0 

290 

1579 

1794 

J233 

667 

802 

242.0 

300 

1612 

1830 

2277 

684 

821 

300.0 

310 

1045 

1867 

2322 

700 

840 

369.0 

320 

1678 

1904 

2366 

717 

859 

451.0 

330 

1711 

1941 

2410 

734 

878 

548.0 

340 

1744 

1977 

2014 

2455 

, 750 

897 

663.0 

350 

1777 

2500 

767 

015 

760.0 

357a 

18003 

20403 

25303 

780* 

930* 

Atmospheres 

pressure 

2.1 

400 

1951 

2197 

2722 

851 

1012 

4.25 

450 

2116 

2380 

2945 

934 

1107 

8.0 

500 

2280 

2564 

3167 

1018 

1203 

13.8 

550 

2445 

2747 

339* 

1101 

1298 

22.3 

600 

2609 

2931 

3612 

1185 

1394 

34.0 

650 

2774 

3114 

3835 

126*1 

1489 

50.0 

700 

2938 

3298 

4057 

1352 

1585 

72.0 

750 

3103 

3481 

4280 . 

1435 

1680 

102.0 

800 

3267 

3665 

4502 1 

1519 

'S?f 

137.5 

850 

3436 

3848 

4725 

1602 

162.0 

880 

3525 

3958 

4858 

1652 

1928 
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Vapor Pressures' of Certain Metals 

Barium 1.0 mm. at 887°C. 

Calcium 1.0 mm. at 917°C. 

Molybdenum 643X10~ n mm. at 1517°C. 
Potassiuml.O mm. at 343°C. 

Sodium 1.0 mm. at 441°C. 

Strontiuml.O mm. at 899°C. 

Tungsten 0.00114 mm. at 2727°C. 


Mean Values of the Vapor Pressure of As 2 0 8 


Temper- 

ature 

Vapor 

pressure 

AflaOs per 
1000 cu. 
ft. of gus 

Temper- 

ature 

Vapor 

pressure 

Ab 20 » per 
1000 cu. 
ft. of gas 

°C. 1 

Mm. of mer- 
cury 

0 000260 

Pounds 

°C. 

Mrn. of mci- 
i cury 

2 065 

PoundB 

100 | 

0 000386 

220 

3.00 

120 

0 00180 

0 00201 

240 

5 96 

8.71 

140 

0 01035 

0.0150 

260 

15 7 

23.2 

160 

0.0473 

0 . 0085 

280 

38.5 

58.6 

180 

0.186 

0.270 

300 

89.1 

144.0 

200 

0.653 

0.947 




as a rough basis for tho calculation of arsenic in smeltery gases. The vapor 
pressure of arsenic volatilized from flue dust pt a given temperature is about 
half of the value in the tabic for that temperature. The heat of sublimation 
of arsenic varies from about 28,000 gram-cal. at 110°C. to about 25,000 at 
290°C. per gram-molecule of arsenic (306 grams). 


Vapor Pressures of Metals* 


Pressure in nun. of Hg at Various Temperatures Centigrade 



10 “3 

10-2 

10- > 

■ 

1 10 

50 

100 

760 

Aluminum . . 

730 

830 

950 ' 

1,090 

1,280 

1,440 

1 ,520 

1 son 

Antimony 

Arsenic 

r»40 

220 

620 

260 

m 

840 

360 

990 

430 

1,130 

490 

1,200 

510 

1,440 

610 

Bismuth . . . 

540 

620 

720 

840 

990 

1,130 

1,200 

1,440 

Cadmium.. 

220 

270 

330 

410 

500 

590 

630 

780 

Chromium 

980 

1,090 

1,230 

1 ,400 

1,610 

1,800 

1,890 

2,200 

Copper . . . 

1,080 

1,200 

1,340 

1,520 

1,740 

1,930 

2,030 

2,350 

Iron 

1,130 

1,250 

1,400 

1,590 

1,820 

2,010 

2,110 

2,450 

Lead 

Magnesium . . 

620 

380 

* 710 
' 440 

820 

520 

960 

620 

1,130 

750 

1,290 

860 

1,360 

920 

1,640 

1,120 

Manganese . 

790 

• 890 

1,020 

2,170 

1,360 

1,530 

1,610 

1,900 

Nickel 

Platinum . « . 

1 , 100 

1 ,730 

1,220 

1,370 

1,550 

1,780 

1,755 

3,970 

2,070 

2,400 

Silver. 

920 

1,030 

1,160 

1,320 

1,520 

1,700 

1,780 

2,090 

Thallium . . . 

500 

570 

660 

770 

910 

1,030 

1,090 

1,300 

Tin 

i,aio 

1,130 

1,270 

1,440 

1,660 

1,850 

1,940 

2,260 

Zin* . . . * . 
& 

290 

350 

420 

500 

610 

700 

750 

920 


1 From I?. 8 Dean, “Theoretical Metallurgy,” J. Wilev & Son a Inc 

h8s a — 
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Cryohydrates. Salt and Ice Mixtures 1 


Name of salt 

Minimum temp, 
attainable, °C. 

Percentage an- 
hydrous salt in 
icc mixture 

Calcium chloride 

-55 0 

29.8 

Sodium bromide. 

-24.0 

41.33 

Sodium chloride 

-22.0 

23 60 

Sodium nitrate 

—17.5 

40 <80 

Ammonium chloride 

-15 0 

19 27 

Magnesium sulphate * . . . 

- 5 0 

21.86 


1 “General Electric Review” 1915. 


Cooling Mixtures op Salt and Water 1 



Mixed with 
100 parts wa#er 

Tempera 

From C.° 

ture falls 

To C.° 

Alum-crystallized 

14 

10.8° 

9.0 

Ammonium carbonate 

30 

15.3 

3.2 

chloride 

30 

13.3 

- 5.1 

nitrate 

60 

13.0 

-13.0 

sulphate 

75 

13.2 

0.8 

sulphocyanatc 

133 

13 2 

-18.0 

Calcium chloride crystallised . 

250 

10.8 

-12.4 

Magnesium sulphate crystallized. 

85 

11.1 

-3.1 

Potassium chloride 

30 

13.2 

-3.0 

iodide. . 

140 

10.8 

-11.7 

nitrate 

10 

13.2 

- 3.0 

sulphate « 

12 

14.7 

-11.7 

sulphocyanate 

150 

10.8 

-23.7 

Sodium acetate, cryst 

85 

10.7 

- 4.7 

carbonate, cryst 

40 

10.7 

1.6 

chloride 

36 

12.0 

10.1 

hyposulphite, cryBt. . . . 

110 

10.7 

- 8.0 

nitrate 

75 

13.2 

— 5.3 

phosphate, cryst 

14 

10.8 

7.1 

sulphate, cryst 

20 

12.5 

5.7 


1 Cbemeb and Bicknisll’b "Chemical and Metallurgical Hand Book." 
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Capillary Constants for Molten Metals 

Those arc the products of the rise (or depression) of the metal by the 
radius of the tube, or the rise or depression in tubes of 1 mm. radius, (a) 


S. W. Smith Quincke Siedentopf Grunmach 


Selenium. . . 
Antimony. . 
Bismuth.. 

Lead. . .* . 
Mercury. . 

Tin 

Cadmium . 
Aluminum. 

Zinc 


| 21 25 |. 

No values giver 


Ciiadenwitz 

14.5 


Heydweiller 

0.90 


(a) Landnlt expresses this as r X h = a^iaai. 2 ), a- being the constant. 

Comparihon of Values for Surface Tensions of Metals 
Obtained by Various Workers 

(Given by Landolt) 1 


Selenium . . 
Antimony . . 
Bismuth 


Lead 

Mercury. . 


Aluminum. . 

Zinc a 

Cadmium.. . 
Silver 


Gold.... ... 
Cclpper 
Nickel; iron? 


s w. 

Smith 

Quincke 

Siedentopf 

Grunmach 

Dynes per 

Dynes per 

Dynes per 

Dynes per 

centimeter 

centimeter 

centimeter 

centimeter 


92 5 



271 0 

317 2 



346 0 

464 9 

429 5 


• 

f 535. a 

509.5 

) 

424.5 

4o7-- g ' 

519- mg - 

\ 482 "*• 


i inm. 

mm. 


447.5 

547 2 

435 6 

\ 491.2 > 

( 405 0 f 


f 081.2 

612.4 

352 j 

480.0 

598 

624 

359 ) 

0 

mm. 

mm. 


520 0 

No values recorded 

7H7 

j 907 4 b \ 



4\J4 O a 

\ 1103 7 } 




815.0 

832 0 


858 6 

782.4 

751 0 


1018.0 
1178 0 

581 . 0 

612 2 


1350 0 



it 


840- 850 
700- 850 


15- 17 

750- 910 


700- 820 
580- 630 

f 980-1120 
1120 
1150 


1 Sydney W. Smith, paper before the Institute of Metals, September. 1914. 
« At 630°C. * At 420°C 
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• 

The surface tensions of liquid metals arc periodic functions of 
thcii* atomic weights. In each period the surface tension 
decreases slightly, the metal of lowest atomic weight having the 
highest surface tension. 


Heat Conductivity (K) # 

A plate of the given substance 1 cm. thick, with parallel sides 
having a difference in temperature of 1°C., conducts enough 
heat per square centimeter per second to heat K grams qf water 
from 0° to 1 °C. The table is one compiled from various sources. 
See also Hering’s Thermal. Resistivity Table on p. 167. 


Metals 

Temperature, 
degrees C. 

K 

Aluminum.. 

18 

0 504 

Aluminum 

100 

0 492 

Aluminum 

- 160 

0 514 

Aluminum No. 1, commercial hard drawn . . 

79-193 

0.47 

No. 12 Aluminum alloy (Cu, 7.50).. . 
Aluminum bronze (Cu, 89.87%; Al, 9.09; 

90-250 

0.335 

Sn, 0.47%) 

1*0-350 

0.174 

Antimony 

0 to 30 

0 044 

Antimony.. 

100 

0 040 

Bismuth 

0 

0 0177 

Bismuth. . . .... 

100 

0 0161 

Bismuth . . 

- 186 

0 025 

Brass, red (Zn, 9.9 %) 

20 

0 446 

Brass, red (Zn, 9.9 %). . . 

200 

0 538 

Brass, yellow (Zn, 30.8%). 

20 

0 290 

Brass, yellow (Zn, 30.8%). 

200 

0.349 

Cadmium.. . .... 

0 

0 02213 

Cadmium . ... 

100 

0.02045 

Cadmium ... . 

-160 

0.239 

Copper (hard drawn electrolytic) 

00-210 

0.88 

Copper (annealed electrolytic) • 

•90-210 

0.90 

Copper (cast electrolytic) 

Copper (Cu, 99 44; Ni, 0.2; Fe, 0 036, As 

90-220 

0.77 

0.231%) 

100-230 

0 52 

Copper (phosphor bronze). . . 

0 

0 7198 

Copper (phosphor bronze) . 

100 

0 7226 

German silver. 

31 

0 081 

German silver 

loot 

0 0887 

Gold... . ^ 

18 

0 700 

Iron .... 

-160 

0 152 

Iron, wrought (1 per cent C ) 

18 

0 144 

Iron, wrought. ... 

50 

0 1772 

Iron, wrought.. . 

100 

0 1567 

Iron, wrought. . 

150 

0 1447 

Iron, wrought 

200 

0.1357 

Iron, wrought 

275 

0.1240 

Iron (pure) . 

Iron (Bessemer steel) ... . 

• 18 

0 161 

15 

0 0964 

Iron (puddled) 

15 

• 0 1375 

bead 

18 

0.083 

Lead . , . 

100 

0 076 

Magnesium 

0 to 10^ 

0 376 

Mercury . . 

0 0147*1 

Mercury.. 

50 

. 0 01893 

Mercury . 

Molybdenum . *i 

100 

15 

0.024 

0.346 
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Metals 

Temperature, 
degrees C. 

K 

Monel metal ... ... • . • 

15 

0.06 

Nickel ... 

0 

0.14 

Palladium ... 

18 

0.17 

Platinum T 

S.A.E. No. 10 Bearing alloy (Sn, 92.49; Cu, 

10 to 97 

0.17 

3.58; Pb, 0.19; 8b, 3.74%) 

S.A.E. No. 11 Bearing alloy (Sn, 86.92; Cu, 

50-100 

0.92 

5.16; f*b, 0.12; 8b, 7.9tf>%) 

S.A.E. No. 12 Bearing alloy (Cu, 7.07; Pb, 

50-100 

0.76 

63.94; 8b, 28.84%) ; 

S.A.E. No. 40 Bearing alloy (Sn, 5.14; Cu, 

140-325 

0.23 

84.93; Pb, 5.01; Zn, 4.92%) 

S.A.E. No. 62 Bearing alloy (Sn, 10.55; Cu, 

86.60; Pb, 0.04; Zn, 2.81%) 

S.A.E. No. 64 Bearing alloy (Sn, 10.83; Cu, 

155-340 

0 142 

150-340 

0.142 

79.04; Pb, 0 55; P, 0.30%) 

S.A E. No. 66 Bearing alloy (Sn, 5.56; Cu, 

140-320 

0.109 

85.29; Pb, 8.26; Zn, 0.89%). . 

130-350 

0 177 

Silver 

10 to 97 

1 096 

Steel (1 per cent. C) . . . 

18 

0. 115 

Tantalum 

15 

0.130 

Tin 

0 to 30 

0 151 

Tungsten . . .... 

18 

0 36 

Wood’s metal (09.05 Bi *+■ 0.95 Sn; 

Wood’s metal (93 86 Bi + 6 14 Sn) 


0 008 

0.012 

Zinc ] 

0 to 30 

0 303 


Non-metals 

Tempera- 

ture, 

degrees C 

K 

Air m * 

0 

0 00057 

Alumina brick 

0-700 

0.00204 

Aniline, b.p. 183°C. 

-160 

0.000112 

Asbestos paper 


0.0006 

Bnok, alumina. 

0-700 

0 00204 

building . 

15-1100 

0.0018-0.0038 

carborundum 

150-1200 

0.0032-0.027 

fireclay f * 

125 1220 

0 0032-0.0054 

firebrick dust. * 

20-98 

0 00028 

gas-retort . 

100 1125 

0 0038 

graphite . 

300-700 

0 024 

magnesite . . 

50-1130 

0.0027-0 0072 

silica. 

100- 1000 

0 002 -0.0033 

terra cotta 

15-1100 

0.0018-0 0038 

Carbon, amorphous. . . • 

37-163 

0 028 -0 003 


170-330 

0.027 -0.004 

• 

240-523 

0.020 -0.003 


100-750 

0 124 

% 

100-842 

0 129 

Carbon, graphite, artificial 

100-390 

0.338 


100-546 

0 324 


100-720 

0.306 


100-914 

0.291 

m 

30-2830 

0. 162 

Carbon, graphite, natural 


0.012 

Carbon, powdered coke • • • 

' o-ioo.* 

0.00044 
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Non-metals 

Tempera- 

ture, 

degrees C. 

K 



0 00050 

Cardboard 


0.0006 

Cement .... 

below 0 

0.00016 

Coal 

below 0 

0.00041 

Concrete, cinder. . . . . 


0.00081 

Concrete, stone . . . 


0.0022 

0.00013 


• 

Cotton, compressed. . . 

below 0 

0.00065 



0 0004 

Diatomaceous earth. 

17-98 

0.00013 

Earth’s crust 


0.004 

Felt 


0.00009 

Firebrick (see Brick) . 

Flannel 

below 0 

0.000365 

Fluorite 

-190 

0.093 

Fluorite 

0 

0.025 

Glass, crown 

— 190 

0 00118 

crown 

0 

0 00280 

crown .... 

100 

0.00324 

flint 

-190 

0 00081 

flint 

0 

0.00170 

flint 

too 

0 00181 

window . . 


0 0025 

Glycerine . . . 

-ieo 

0.00077 

Granite. . 

100 

0.0045-0.0050 

Granite 

200 

0.0043-0.0097 

Granite 

500 

0.0040 

Graphite (see Carbon) ... 

Graphite brick (see Brick). 

Graphite — retort dust . . 

20-100 

0.00040 

Ice. . 

-100 

0.0066 

Ice 

0 

0.0050 

Iceland spar . 

-190 

0.038 

Iceland spar .... 

0 

0.0103 

Infusorial earth. . 

17-98 

0.00013 

Infusorial earth . • 

#0-650 

0.00038 

Lime 


0.00029 

Limestone . 

40 

0.0046-0.0067 

Limestone 

100 

0.0039-0.0049 

Limestone. . . . 

350 

0.0032-0.0035 

Magnesite brick. 

50-1130 

0.0027-0.0072 

brick dust 

20-100 

0.00050 

calcined granular. x 

calcined porous. ... * 

20-100 •« 

0.00045 

20-100 

0.00016 

Marble (dolomitic) . . . 


0.0066 

Mica, along cleavage 


0.0018 

perp. to cleavage 

' -160 

0.018 

Naphthalene, m.p. 79°C. . 

0 0013 

Naphthalene 

0 

0.00081 

Naphthol, beta, m.p. 122°C . . 

-160 

0.00068 

Naphthol 

0 

0.00062 

Nitrophenol, m.p. 114°C . . 

-mo 

0.00106 

Nitrophenol ... 

0 

0.00065 

Paper 


9.0003 

Paraffin, m.p. 54°C. 

"o 

0.0006 

Plaster of Pans 


0.0013 

Porcelain 


0.0025 

Quartz, perp. to axis. . 

-i90 * 

0.0586 

perp. to axis 

0 

Q.0173 

perp. to axis. . . . 

100 

0.133 

parallel to axis/.* 

0 

0.0325 
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N on-metals 

Tempera- 

ture, 

degrees C. 

K 

Quartz sand. 

18 98 

0 00060 

Quartzite flagstones 


0 0044 

Rock salt . ... 

0 

0 0167 

Rock salt 

80 

0 0150 

Rubber, para 


0 00045 

Rubber, jyul cam zed 

-1*10 

0 00038 

vulcanized *’ 

0 

0 00037 

Kami, white, dry 


0 00093 

Sandstone . 

• 

0 0055 

Sawdust , . . . 


0 00012 

King wool. . . 


0 00019 

Slate, parallel to cleavage. 


0 0060 

perp to cleavage 


0 0034 

Know, fresh 


0.00026 

old .. 


0 0012 

Soil, slightly moist 


0 0037 

very dry . . 


0 0037 

Stoneware. . . 

70 IOOO 

0 0029-0 0053 

Sulphur, rhombic 

0 

0 00070 

Sulphuric and 

9 15 

0 000765 

Vaseline 

20 

0 00022 

Vulcanite 9 


0 00087 

Water 

0 

0 001203 

Water 

10-8 

0 001555 

Wood (dry pine, dry walnut) 


0 0004 


Flow of Heat from Solids to Air. — E. E. Snyder, C. S. Robin- 
bon and W. K. Lewis Joum. Ind. Eng. V he.ru. f 1916, Vol 8, pp. 
515-516. According to J. W. Richards the coefficient, of heat 
transfer from solids to nir is proportional to the square root of the 
gas velocity while Langmuir (Phi/s. Rev., 1912, Vol. 34, p. 401) 
states that it is a function of K’A., The work described was 
undertaken with a view to furnishing more accurate data. 
A known weight of air was blown at constant velocity through 
an electrically heated tube. The temperature of the tube 
was measured and the heat absorbed by the gas was calculated 
by subtracting fy-orn the total electric input the heat necessary 
to maintain the same temperffture w hen no gas was passing 
through. Up to 7. r )0°F. the value of K, expressed in B. t. u. 
per sq. ft. of heating surface per deg. F. difference in tempera- 
ture per hour, is independent of temperature and a function 
of velocity alone and equals 39.6 V/(V + 3.67) where V is 
pounds of air per sec*, per sq. ft. of section. 
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Table of Thermal Resistivities 1 

Approximately in Order op Resistivity 

, (Temperature in Centigrade degrees) 



Th 

Inch 

cube 

1 

crmal ohi 

Centi- 
meter 
cube j 

ns 1 

Refer- 

ence 

Silver, 0°-100° 

v 

0.094 

0.24 

LB 

Copper (electrode mean), 100°-3 07°. 

0 090 

0 23 

H 

Copper (electrode mean), 100°-837°. 

0 11 

0 27 

H 

Copper, 0°-100°, about 

0 11 

0.27 

LB 

Copper 

0.13 

0 32 

LB 

Copper, cast. . . 

0 12 

0.29 

CJ 

Copper, rolled 

0 11 

0.28 

CJ 

Copper, rolled. ... 

0 13 

0 32 

WF 

Aluminum, 0°-100° 

0 27 

0 69 

LB 

Graphite, Aeheson (electrode mean), 100°— 300° 

0 28 

0 71 

H 

Graphite, Aeheson (electrode mean), 100°-9M° 

0.32 

0 82 

H 

Brass, 0°-100° 

0 36 | 

0 92 

LB 

Iron (electrode mean), 100°— 308° 

0.28 

0.71 

H 

Iron (electrode mean), 100°— 308°. ... 

0.43 

1.1 

H 

Iron, wrought 

<*) 22 

0.55 | 

CJ 

Iron, wrought, 0° . 

0.46 | 

1.2 

LB 

Iron, wrought, 275° ... 

0 76 

1.9 

LB 

Iron, wrought. . . ... 

0 79 

2.0 

WF 

I rod, cast 

1 0 26 

0.66 

CJ 

Iron, cast, 30°. 

0 63 

1.6 

LB 

Steel . ... 

0 24 

0.00 

CJ 

Steel . . . . 

0 81 

2.1 

WF 

Steel, various. . . . . 

0 81 

2.1 

LB 

Steel, 10 per cent manganese 

3 0 

7 7 

LB 

Platinum 

0 . 2 5 

0.03 

CJ 

Platinum, 18°-100 a . . 

0 55 

1 4 

LB 

Platirium.. . 

1.1 

~W 

2.9 

WF 


1 IIerinq uses an expression, the thermal ohm, which is the resistance 
through which 1. watt of heat flow will pass when the temperature drop 
is 1°C. Hence, if R is the thermal resistance in thermal ohms, W the 
flow of heat in watts and T the temperature in Centigrade degrees: 


W 


T 


Or if r is the specific thermal resistance in thermal ohms per centimeter 
cube then 


R 


rh 

S 


where L is length and S is cross section. 

To reduce a thermal conductivity in gram calories per second to resistivity 
in thermal ohms, multiply the reciprocal of the conductivity by 0.2388, 
when both are for 1 cm. 3 To reduce gram caloricfc to watts, multiply by 
•1 186. In order to compare thermal resistivities Mb. Hekinq called that of 
silver the unit, and reduced all values to this base. ^ 

To use the data of the table for all purposes it may be remembered that 
watts X 0.00134111 =» horse power 
watts X 0,0568770 =■ B.t.u. per minute.,} 
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Thermal ohms 1 * 


Carbon (electrode mean) 100°-942° 
Carbon (electrode mean) 100 o -3G0° 

Lead 

Lead. . . 

Lead, 0°-100° *. 

Plumbago brick, about 1000° 

Carborundum brick, about 1000°. . . 
Mercury, 0°-50° 

8 uartz, 0° 

raphite (probably plumbago) 7°. 

Retort carbon, 0° 

Magnesia brick, about 1000°. . . . 

Stone, calcareous, fine 

Chromite brick, about 1000°. 

Ice 

Marble, fine grained, gray 

Marble, coarse grained, white. . . . 
Marble, 30° 


Stone, calcareous, ordinary 

Firebrick, probably room temperature 

Firebrick, about 1000° 

Firebrick, mean for 600°-1300°. . . . 

Firebrick, mean for 0°-1300° 

Firebrick, about 400°-800° 

Firebrick, mean for 0°-500° 

Checker brick, about 1000° 

Gas retort brick, about 1000°. . . . 

Slate, 94° 

Building brick, about 1000° 

Glass pot, about 1000° 

Porcelain, 95° 

Terracotta, about 1000° 

Chalk, solid 

Cement, Portland, neat, 35'.. . . 4 

Cement, Portland, 90° . . 

Lava 

Silica brick, about 1000° 

Kieselguhr brick, about 1000° 

Red brick wall, average 8-in.-40-in. walls. 

Water, room temperature 

Glass 28°.. . * ^ 

Plumbago", 20®-i 55°, 26.1 per cent, solid matter 
Fine sand, 20°-155°, 51.4 per cent, solid matter 
Coftrse sand, 20°-155°, 52.9 per cent, solid 

niatter 

Cork, solid 

Plaster of Paris, 0° 

Plaster of Paris, 20°-155°, 30 8 per cent, solid 

matter 

Slag concrete, 1 slag: 0.61 cement by weight, 50° 

Pumice stone, 18.2 lb. per cu. ft., 50° 

Pumice stonf 

Brick dust, sifted 

Asbestos, 20°— 155°, 34.2 per cent. solid matter 

Asbestos 36 lb. pergeu. ft., 600° 

Aslfestos, 36 lb. per cu. ft., 50° 

Asbestos with air cells 

Cardboard, below 0° 


Inch 

cube 

Centi- 

meter 

cube 

Refer- 

ence 

0 

.72 

1 

9 

H 

1 

.05 

2 

7 

H 

0 

33 

0 

.83 

CJ 

1 

.10 

2 

.8 

WP 

1 

.2 

3 

.0 

LB 

3 

.8 

9 

.6 

WQ 

4 

.1 

10 

.3 

WQ 

5 

.5 

14 

.1 

LB 

5 

.0 

15 

.0 

LB 

8 

.0 

21 

.0 

LB 

9 

.1 

23 

.0 

LB 

13 

.0 

34 

.0 

WQ 

16 

0 

42 

.0 

P 

16 

0 

42 

.0 

WQ 

16 

.0 

42 

.0 

LB 

9 

8 

25 

.0 

P 

12 

.0 

31 

.0 

P 

19 

0 

48 

.0 

LB 

20 

0 

51 

.0 

P 

21 

.0 

53 

.0 

D 

22 

.0 

57 

.0 

WQ 

23 

0 

57 

.0 

Z 

30 

.0 

77 

.0 

Z 

44 

0 

112 

.0 

CE 

G7 

.0 

171 

.0 

Z 

24 

0 

61 

.0 

WQ 

25 

0 

63 

.0 

WQ 

20 

0 

67 

0 

LB 

29 

.0 

72 

.0 

WQ 

35 

0 

89 

.0 

WQ 

38 

0 

96 

.0 

LB 

41 

0 

104 

.0 

WQ 

43 

.0 

109 

.0 

LB 

44 

.0 

110 

.0 

N 

132 

.0 

336 

.0 

LB 

47 

0 

120, 

.0 

LB 

47 

0 

120 

0 

WQ 

52 

0 

133. 

.0 

WQ 

62. 

0 

160. 

0 

W 

72. 

0 

180. 

• 0 

LB 

87. 

0 

220. 

0 

LB 

96. 

.0 

240. 

.0 

O 

109. 

.0 

270. 

0 

O 

110. 

0 

280. 

0 

O 

131. 

0 

333. 

0 

LB 

105. 

0 

206. 

0 

LB 

221. 

0 

562. 

0 

0 

178. 

0 

453. 

0 

N 

169. 

0 

430. 

0 

N 

187. 

0 

477. 

0 

LB 

204. 

0 

518. 

0 

P 

139. 

0 

353. 

0 

O 

166. 

0 

422. 

0 

N 

221. 

0 

502. 

0 

N 

416. 

0 

1016. 

0 

S 

239. 

0 

,606. 

0 

LB 
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| Thermal ohms. 1 


Inch 

cube 

Centi- 

meter 

cube 

Refer- 

ence 

Kbonite, 48° 

251 

637 

LB 

Petroleum, 13° 

265 

672 

LB 

Wood pine, parallel to fiber 

313 

796 

LB 

Many liquids (hydrocarbons, etc.) 

313 

796 

LB 

Anthracite 

4317 

803 

* LB 

Chalk, 20°-155°, 25.3 per cent, solid matter... 

332 

844 

O 

Very porous sing, 22.5 lb. per ou. ft., 50° 

Zinc white, 20°-155°, 8.8 per cent, solid matter 
Infusorial earth, 21°-175° 

356 

905 

N 

398 

1010 

O 

415 

1050 

B 

Infusorial earth 20°-155°, 11.2 per cent, solids. 

435 

1110 

O 

Infusorial] earth, 20°-155°, 6 per cent, solid 
matter 

472 

1200 

O 

Infusorial, earth, burned, 12.5 lb. per cu. ft., 
450° 

263 

1675 

1220 

N 

N 

Infusorial earth, burned, 12.5 lb. per cu. ft., 50°. 

477 

Infusorial earth, loose, 21.8 lb. per cu.ft ,350° 

427 

1090 

N 

Infusorial earth, loose, 21.8 lb. per cu. ft., 50°. 

562 

1430 

N 

Infusorial earth 

745 

1890 

C 

Magnesia carb., 85 per cent , 20°-18S° 

537 

1370 

s 

Magnesia, calcined, 20°-155°, 28.5 per cent, 
solids 

160 

470 

o 

Magnesia, calcined, 20°-155°, 4.9 per cent, 
solids 

544 

1380 

o 

Mtfgnesia calcined, 20°-155°, 2.3 per cent, 
solids 

554 

1410 

o 

B 

Magnesia, calcined, 21°-175° 

572 

1450 

Charcoal, pine, 20°-155°, 11.9 per cent, solid 
matter 

494 

1260 

O 

Charcoal, from lenves ,11.9 lb. per cu. ft., 100° 

537 

1370 

1 w 

Charcoal, from leaves, 11.9 lb. per cu. ft., 50°. 

603 1 

1530 

N 

Charcoal 

723 

1840 

C 

Feathers, 20°-155°, 2 per cent solid matter.... 

577 

1470 

o 

Sawdust, 13.4 lb. per cu. ft., 50° 

614 

1560 

N 

Sawdust 

• 620 

1570 

1 C 

Sawdust, 13 4 lb. per cu. ft., 50° 

765 

1950 

LB 

Cork, granulated and compressed, 20°-188°. . . 

467 

1190 

S 

Cork, ground, 10 lb. per cu. ft., 200° 

614 

1560 

N 

Cork, ground, 10 lb. per cu. ft., 50° 

797 

2030 

N 

Air, 20°-155° 

143 

364 

O 

Air, 0° 

1700 

4320 

LB 

Cotton wool, 20°— 155°, 1 per cent, solid matter. 

596 « 

1520 

O 

Cotton wool, 20°-155°, 2 per cent, solid matter. 

659 

1570 

O 

Cotton wool, 5.05 lb. per cu. ft., 100° 

572 

1460 

N 

Cotton wool, 5.05 lb. per cu. ft., 50° 

627 

1600 

N 

Cotton wool 

830 

2110 

C 

Cotton wool, loose 

2170 

6500 

LB 

Cotton wool, compressed 

Hair felt, 20 -155 , 9.2 per cent, solid matter. . 

2S10 

7120 

LB 

633 

1610 

O 

Hair felt, 21°-175° 

790 

2010 

B 

Hair felt 

*865 

2200 

C 

Hair felt, below 0° 

1080 

2740 

LB 

Lampblack, 20°-155°, 5.6 per cent, solid matter 

697 

mo 

O 

Fine quartz sand 

718 

1820 

LB 

Silk, -6.3 lb. per cu. ft., 100° 

662 

1690 

N 

Silk, 6.3 lb. per cu. ft., 50° 

Wool, sheep^s, 20°-155°, 2.1 per cent, solid 

752 

1920 

N 


• 


matter 

616 

1^70 
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Th 

Inch 

cube 

crmal ohr 

Centi- 

meter 

cube 

nsi* 

Refer- 

ence 

Wool, sheep’s, 8.5 lb. per cu. ft., 50° 

676 

1720 

N 

Wool, sheep’s, 8.5 lb. per eu. ft , 100° 

745 

1890 

C 

Wool, sheep's ... 

803 

2050 

N 

Mineral wool, 21°-175° 

737 

1870 

B 

MineraFwool, 0°-18° . % 

1010 

2570 

C 

Hard rubber . . . ... 

1060 

2680 

LB 

Wood, pine, radially ... . * 

1070 

2720 

LB 

Loose fibrous materials, 9° 

1510 

3920 

LB 

Flannel 

2650 

6720 

LB 


B — Geohob M. Brill. Trans., Am. Soc. Mech. Eng., XVI, p. 827. 
Coverings on 8-in. steam pipes. 

C — .1. J. Coleman. Enqmrcrinq, ^'>pt 5, 1884, p 237. Ice melted m 
cube surrounded with the materials Temperatures 0-18° and 0-38°C. 
The values wen* given relatively to each other; to reduce them to absolute 
measure it is here assumed that the value for sawdust is 620, thermal ohm, 
inch cube units. 

CE — Clement and Egy. 

CJ — Calvert and .Joii*>on. Relative values based on silver. Reduced 
here on the basis that the conductivity of silver is 1 0 in gram calorics per 
second, centigrade, centimeter cube units 

D -Dkpbbtz, Hood. “ Warming and Ventilating Buildings,” p. 249. 
Given relatively to marble, here assumed to be, 10 thermal ohms, inch cube 
units. 

II — Carl IIeking. “The Proportions of Electrodes for Furnaces” 
(Table.) Paper read before the Am. Inst. Elec. Eng., March 31, 1910. 
Mean values when materials are used as furnace electrodes. 

LB — Landolt and Boeunstkin tables. The values here chosen are 
mostly approximate means of the generally numerous and sometimes 
greatly differing value*’ given by different observers. For the individual 
values and for the authorities see those tables. They also include values for 
very many other materials. 

N — Wilhelm Nuhhel. Per. Death Enq , June, 1008, p. 900, table 

p. 1006. Materials were placed between two concentric metallic spheres or 
cubes Heat generated electrically in interior. Temperature measured 
with thermocouples at numerous depths in the material after several days’ 
heating. As here given they represent the resistivities at the temperatures 
stated, not the means over a range Probably the best and most reliable 
determinations published, llis conductivities are here assumed to be in 
terms of kilogram faloncs per hour, centigrade, meter cube, units; although 
not so stated directly in the original; it undoubtedly what is meant. An 
abstract appeared in the Enq. Diqcst . August, 1908, p 168, in which the units 
arc reduced to thermal units, feet, inches and Fahrenheit degrees; the 
formula there given omits to say that it is necessary to multiply by the 
temperature also. 

f> — Prof. Okdway. Trans., Am. Soc Moeh. Eng., Vol. VI, 1884-5, p 
168. Tested in plates ljn thick between two flat iron surfaces, one of them 
heated by steam, the heajt emitted by the other being measured calorimetric- 
ally. Extended, carefully made* researches; presumably very good values 
There is an error in the heading in Table VII; square inch should read square 
meter, as in the others. 

P — Peclet, Box. “ Practical Treatise on Ileat.” Presumably ordinary 
weather temperatures. 

S— -H. G. Stott, t < rwtr , 1902 Pipe coverings. 200 ft of 2-in. pipe 
heated eJectncally fJo constant temperature. Coverings were somewhat 
ovef 1 in. thick; they arc here reduced to 1 in. Heat transmitted to air, 
hence these instances include that at the surface 

W — Wolff. Jour. Frank. Inst., 1893. The trails uiioftion of heat from 
the interior to the exterior of buildings 1 through the walls; hence ordinary 
weather temperatures. Prescribed by law by German Government for heat- 
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waves as it travels into the body, the rate of this penetratiop will 
depend not only on the conductivity, but on the specific heat 
and density of the material as well. This is taken account of 
in the constant k which is defined by the relation • 



cp 


k, c and p being respectively the conductivity, specific heat and 
density of the material. The quantities x, h and t being known, 
T can*be determine*!. Tables I and II give the values of this 
integral, and of the constant ft 2 , or thermal diffusivity. 

Table I . — Values of Integral E = — C " e 

■\A J x 

2ftv7 


x /2 h V " t 

E 

x/2hVt 

1 

E 

x/2 hVt 

E 

0.00 

1.000 

0.45 

0 . 525 

1.40 

0.048 

0.02 

0.987 

t 0.50 

0.480 

1.50 

0.034 

0.04 

0 . 955 

0.55 

0 437 

1.60 

0.024 

0.06 

0 932 

0.60 

0 396 

1 70 

0.016 

0 08 

0 910 

0 . 65 

0 358 

1.80 

0.0109 

0.10 

0.888 

0 70 

0 322 

1.90 

0 0072 

0.12 

0 8 C 5 

0.75 

0.288 

2.00 

0.0047 

0.14 

0 843 

0.80 

0 258 

2.10 

0.0030 

0.16 

0 821 

0.85 

0 229 

2.20 

0.0019 

0 18 

0.800 

0.90 

0 203 

2.30 

0.0011 

0.20 

0.777 

0.95 

0.179 

2.40 

0.0007 

0.25 

0.724 

1.00 

0 157 

2.50 

0 0004 

0.30 

0.671 

1.10 

0.120 

2.60 

0 0002 

0 35 

0.621 

1.20 

0 . 090 

2.70 

0.0001 

0.40 

0.572 

1.30 

« 

0 066 

« 

03 

0.0000 


Examples. — The use of these tables is best shown by solving 
some specific examples: 

1. A massive granite block at 20°C. (68°F.) has one face 
(rapidly) heutcfl to 200°C. (302°F.). What will be the tem- 
perature at a depth of 10 cm. in.) after 1 hour? 

Since the theory is based on the assumption of an initial 
temperature of zero the temperature scale must be shifted in 
this case by subtracting 20°, which will be added again later. 
Taking h 2 from Table II as 0.0155, t as 3600 (seconds) and x 
as 10 (cm.), the quantity x/2 hy/t becomes 0.67. This gives, 
from Table 1, E = 6.34; hence the rise in temperature would be 
T = 1801?, or 61°, making a final temperature of 81°C. (178°F.). 

2. The surface of a dry soil initially throughout at 6°C. 
(43°F.) is cooled to — 20°C.( — 4°F.). How long before water- 
pipes at depth ofr 152 cm. (5 ft.) will be in danger of freezing? 

Here we # havc, after shifting the temperature scale, 

-6 = —26 E, orE = 0.23 .• 

From Table I, then, x/2hy/t = 0.85, which, with h % = 0.0031, 
gives t = 2,600,000 seconds or 30 days. 
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» 

Table II. — Values oy Thermal Conductivity Constants in 
• C. G. S . 1 Units 2 


Material 

Tempera- 
ture, 
deg. C. 

Con- 
ductiv- 
ity, k 

Dif- 

fusiv- 

ity, 


0 

0 . 000055 

0.179 

Aluminum. ... .... 

18 

0.480 

0.826 

Brass (yellow). 

0 

0.204 

0.339 

Brick (firebrick) 

0-800 , 

0 . 0040 

040074 

Brick (in masonry) . ... 


0 . 0020 

0.0050 



0.00081 

0.0031 

Concrete (stone'). 


0 . 0022 

0.0058 

Copper 

is 

0 918 

1 . 1 33 

Cork (ground).. 


0 00012 

0.0017 

Glass (ordinary) 


0 0024 

0.0057 

Granite 


0.0081 

0 0155 

Ice 


0 0052 

0.0112 

Iron (wrought or mild steel) 


0.1430 

0.173 

Iron (cast, also high-carbon steel). 


0.108 

0.121 

Lead 

18 

0 . 0827 

0.237 

Limestone 


0.0060 

0.0092 

Magnesium carbonate (85 per cent. 




nl.Aflm-pipfl covering) j 


0.00017 


Marble (white) 


0 . 0050 

0.0090 

Nickel 

18 

0.142 

0.152 

Bock material, average. . 


0 . 0042 

0.0118 

Sandstone 


0.0050 

0.0133 

Silver 

'is' 

1.006 

1.737 

Snow ( fresh) 


0.0003 

0 . 0033 

Soil (average, damp) 


0.0037 

0 0055 

Soil (very dry) 


0 . 00088 

0.0031 

Water 


0.00143 

0.00143 

Wood (dry pine — across grain) 


0 00009 

0.00068 

Wood (dry pine — with grain). 


0.00030 

0.0023 


1 The use of this system is almost compulsory in eases where thermal 
diffusivity is involved, since it is the only one in common use which is consist- 
ent in its choice of fundamental unitH. Thus The steam engineer’s con- 
ductivity unit of the B t u. per hour, per square foot, per degree F., per inch in 
thickness, is not available in this case since it involves two different units 
of length, x.c., the inch and foot. Similar objections may be raised against 
most of the other units m common use with the exception of the C. G. S. 

Most of the values for metals are those of Jaoeh and Dibsselhokst, Abh. 
d. phys-fccch. Reichsanstalt, Vol. 3, p. 269 (1900). The others have been 
compiled from various sources. WhSh not otherwise specified, ordinary 
t emperatures are assumed. 

2 This table is also taken from Ingebsoel’s article. Some of these con- 
stants differ from those given in the table on p. 103, but the differences are 
not serious, and since his diffusivity constants have been computed on this 
basis, it seems better to let the table stand as originally printed. 


Flow of Heat Inward from Two Heated Faces 


If a plate or slab of thickness l and initial temperature zero 
have both its faces suddenly heated to and kept at To, the tem- 
perature T in the middle plane, which will obviously be the last 
part of the body to heat up, may be obtained frqm the eouation 


r = r„(i - ~ 

t being the time in seconds and h 2 the thermal diffusivity. To 
simplify computation, the values of this series have been tabu- 
lated as in Table III. 
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Table III. — Values of the Function « 

V = 1 - ( 10 -* - *!<)-•* + Aio-»»- . . ) where* -0.434^-* 


X 

V 

X 

V 

X 

V 

0 01 

0.0000 

0.11 

0.0546 

0.36 

0.4444 

0.02 

0.0000 

0.12 

0 . 0692 

0.38 

0 4603 

0 03 

0 . 0000 

0.13 

0 0848 

0.40 

0.4931 

0 mr> 

O.OOfM 

0.14 

0 1009 

0 . 45 

0 5482 

0 ot 

0 . 0005 

0.15 

0.1176 

0.50 

0 . 5974 

0.043 

0.0010 

0.16 

0 . 1345 

0.60 

0 0802 

0 or> 

0.0021 

0.17 

0 1517 

0.70 

0 7460 

0 055 

0.0037 

0.18 

0 1690 

0 80 

0 7982 

0 06 

0.0055 

0.19 

0 1862 

0.90 

0 8397 

0.005 

0.0081 

0 20 

0 2033 

1.00 

0.8727 

0.07 

0 0113 

0 22 

0 2372 

1.25 

0 9284 

0.075 

0.0150 

0.24 

0.2702 

1.50 

0 9597 

0.08 

0.0194 

0.26 

0.3022 

1.75 

0.9774 

0 . 085 

0.0241 

1 28 

0 3331 

2 00 

0 9873 

0 09 

9 0291 

0 80 

0 3727 

2 50 

0.9960 

0.095 

0.0351 

0 32 

0.3912 

3 00 

0.9987 

0.10 

0.0412* 

0 34 

0.4184 

3 50 

0 9996 

i 




4 00 

0 9999 


Example s. — A dry spruce cross-tie 11.4 X 17.8 cm. (43^'X 7 
in.) in section arid 71 cm. (28 in.) long, and at an initial tem- 
perature of 15°C. (59°F.), is placed in an oven which heats its 
surface to 137°C. (27S°F.) for 10 1 2 hours. What should be 
tlie temperature at the end of this period for a point near the 
center of the tie? 

As the heat penetration will be largely due to conduction 
across the smallest dimension of the tie we shall neglect the 
other faces altogether. We have then, effectively, a plate of 
thickness 11.4 cm. and diffusivity 0.0008 (pine wood in Table 
II), which give x = 0.85. Then from Table III, y = 0.82, 
making a rise in temperature of 0.82 (137° — 15°), or 100°. 
This gives a firyal temperature of 115°0. (239°F.). I 11 an actual 

experiment this was found to be 113°C., checking our theory 
much more closely than could be expected, considering the 
approximations we have made in neglecting the other faces. 

In the same way we can readily show by a few minutes ’ work 
with a slide-rule that the center of a plate of steel 2.54 cm. (1 in.) 
thick, which is plunged into molten lead, should rise to within 
2 per cent, of the temperature of its faces in less than half a 
minute; the center of a firebrick 6.3 cm. (2% in.) thick, heated 
by flue gflses in a regenerator, should show more than half its 
surface change in temperature in 10 minutes, and more than 
three-quarters jn 20 minutes; a disk of glass 20.3 cm. (8 in.) 
tlflck, which has been subjected to a recent heating or cooling 
of a dozefi degrees should be kept with faces at constant tem- 
perature for upwards of 10 hoyrs to insure Chat the interior 
temperature is uniform to a small fraction of a degree. 
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Relative Conductivities of Metals for Heat and Electricity 

The following table, compiled from various sources, is 
intended to show merely the general correspondence between 
conductivity for heat and for electricity. For ordinary work, 
the table of heat conductivities just preceding, and of electric 
resistivity just following, should be used. The electric conduc- 
tivities are the reciprocals of the resistivities given in the later 
tables. 


Metal (m vacuo) 

Heat 

Elec- 

tricity 

t# 

Metal (in vacuo ) 

Heat 

Elec- 

tricity 

Silver 

100 

100 

Iron 

11.9 

14.44 

Copper. 

74 

77.43 

Steel 

30 3 


Gold. . . 

54.8 

55.19 

Platinum. 

9.4 

10.53 

Aluminum 

31.33 


Lead 

7.9 

7 77 

Zinc 

28.1 

27 39 

German silver. . 

G 3 

6 0 

Brass . 

24 

22.0 

Antimony 

4 03 


Cadmium. 

20.00 

11.45 

Bismuth. . 

1.8 

i.8 

Tin 

15.4 

Mercury. . 

1.3 



Relation of Heat and Electric Conductivities 


Materials 

Thermal eond. in gram, 
eal per sec. per cm 3 at 
1S°C. /Electrical cond. in 
recip. ohms^cr cm. 3 at 

Aluminum 

. 1 48 X 1O- 0 

Bismuth 

. 2.08 X 10"° 

Cadmium 

. 1 .66 X 1O- 0 

Copper, casting .... 

. 1.80 X 10" fi 

Copper, electrolytic. . 
Gold ». ... 

. 1 81 X 10- 6 

1 69>X 10“ 8 

1.73 X 10-« 

Lead 

Iron (1 %C.) 

1 73 X 10 -8 

Nickel 

1 65 X 10~ fl 

Platinum 

2 09 X 10- fi 

Palladium % . i 

1 82 X 10-* 

Silver .' 

1.81 X 10-® 

Zinc, com 1. . . 

1 85 X 10” 8 

Con stan tan.. 

2 39 X 10- fl 

Manganin 

1.98 X 10- 8 

Climax resistance . 

3 12 X 10- 8 

Climax 193 resistance 

3 00 X 10" 8 

Nichromc IV 

. 3 81 X 10-° 

Nichromc 

. 3 56 X 10~ 8 

Advance resistance . . 

. 2.69 X 10- 8 

Monel metal 

. 2.54 X 10" 8 
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Resistivity op Metals 

(Microhms per cm.*) 



-160° 

0° 

18° 

109° 

Temp, 
ooeff . at 0° 

Aluminum. . . 

0 81 

2 8 

2.94 

4.13 

0 0040 

Antimony. 


30 0 

40.5 


0.0041 

Beryllium. . 



18.5 





55.55 

119 0 

160 3 

0 0035 

Cadmium (drawn) . . % 

2.72 

7 0 

7 54 

9.82 

0 0042® 

C 'upper (drawn) . . . 

0 49 1 

1 58 

1.78 

2.36 

0 0039 

Calcium 


7 5 

10 5 


0.0040 



• 

6.24® 


0.0033* 

Gold 

0 68 


2.42 i 

3 11 

0.0037 

Arsenic . 


33 3 




Iridium ... 



5 3 






9-15 

16 8 

0 0062 

Iron (wrought) . 

5 4 


1 3 9 

18 8 

0 0058 

Lead (drawn) . . 

7.43 

19.0 

20.8 

27 7 

0.0039 

Lithium 


8 4 

4 46 



Magnesium . . . 


4 35 



0 0038 

Mercury . . . 


94 . 07 

95 57 


0.00072 

Molybdenum (hard) 



4 8 2 


0.0050® 

Steel . . 



19 9 

' 25 6 


Nickel 

' *b!o 


6 9 

15.7 

0 . 0066 6 

Osmium . 

• 


9 5* 



Palladium . 

' '2i78 

16. 2 1 

10 7 

13 8 

0 0035 s 

Platinum. 

2 i* 

9 0 

11 0 

14.0 

0.0039® 

Potassium 


6 64 




Rhodium 

0 70 


6 0 

6 60 


Rubidium 

2.5 

11 6 




Silver. 

0 56 1 

1 50 

1 65 

2 13 

0.00377 

Sodium . 

1 0 

4 74 




Strontium 



25 0* 

1 


Tantalum 



14 6 

1 

0 0033® 

Tellurium 



21 O' 

. 

0 0040 

Thallium . 

4 08 

17 fl 




Thorium. . . 



IS 0 



Tin (drawn) 

3 5 

io’6‘ * 

11 3 

15 3 

0 0043 

Tungsten (annealed) 

« 

4 1 2 

5.4 

6 65 

0 0051® 

Zinc. 

* 2 2 

5 6 

6 1 

7 9 

0 00365 


i At -183°. 2 At 25°. 3 At 20°. <At, -204°. * From 18° to 100°. 

0 Annealed. Hydrogen reduced, 8 96 


Alloys 1 



-160° 

0° 

18° 

100° 

Temp, coeff at0° 

German silver 2 . . 


26.6 


27 6 

0 0003 

Nichrome (60 Ni;22 

% 

109.5 



0 00017 


4.1 


6 6 


0.0010 

Brass (Zn, 34.3%).. 

• 


| 

Constantan 



49 0 

49 1 

/ -0 000050 to 

• 



{ +0 000050 

Manganin*.. 

43.13 


43.50 

42.1 

/ 0 000002 to 

1 0.000039* 

Phosphor bronze 
W«*ods alloy. 



5-10 

31 25 



Monel metal . 

* 


46 

1 

0.0019 


1 See table on p. 198 for other resistance alloys. 

2 62 per cent. Cu, 15 Ni, 22 Zn, 

8 84 per cent Cu, 4 Ni, 12 Mn. 

4 Most samples of manganin have a zero temperature coefficient from 30° 
to 40°C. 




Electric Resistivity of Refractories 


PHYSICAL CONSTANTS 


177 



rtf 
era- 
- rying 
will be 
,o the size 
it of insula- 
's r bodies. 

^pper wire was 
$£ed the formula: 
« m amperes, d is the 
a constant depending 
lftg values for a. 1 


(2 Pb : 1 Sn).. 


3,148 

1,642 

1,318 

1,379 
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Properties of Resistor Wires 


Material 


Copper . . . 

German silver , 
MangaiUn 

Monel metal . 
Therlo. . . 
German silver . 
Advance 
la la . . 
Itayrnur. . 
Conntantan . . . 

Tico 

Phenix 

Climax 

lalido 

'Pbet. . 

. Srome . . . 

* N v ’omc II 

Pal*TitinU/.> 

Platn 

PotaHH»hite (e : — 

Khodiui it,e (a) . 
Rubidium •'a) 
Silver ■) . 

Sodium . 

Strontium 
Tantalum , 
Tellurium 
Thallium. . 
Thorium ... . 

Tin (drawn) . 
Tungsten (anneah 
Zinc 


Composition 


Annealed 
Cu 5 8, Ni 18, Zn 24j 
Cu<S4, Ni 4, Mn 12| 

Cu, Ni 
Cu 85, Mn 13, A1 2| 
Cu .>0, Ni 30. Zn 20 
Cu, Ni 
Cu, Ni 
Cu, Ni 
Cu <>0, Ni 40 
Nickel steel 
Nickel steel 
Fe 72, Ni 2S 
Ni - Cr 
Ni - Cr 
Ni - Cr 
Ni 6*. Fe 25, Cr 11,1 
Mn 3 
Ni - Cr 


Resistivity, 20°C. 
* «- 


Microhm- 

cm. 


1 724 
33 3 
41 4- 
73 8 
$2 0 
40 7 
48 2 

48 8 

49 0 
49 0 

r»o o 

85 9 
87 0 
87 2 

95 5 

96 0 
99 6 

109 5 

119 5 


Ohms, 
mil. ft. 


10 37 
200 0 
249 0- 
443 0 
256 0 
280 0 
290 0 

294 0 

295 0 
295 0 
300 0 
517 0 

524 0 

525 0 
575 0 
580 0 
600 0 
060.0 

720.0 


Maximum 
W or king 
temp.. 


260 

260 

100 

480 

200 


540 

540 

1090 

900 

110O 


vin’s Rule for Power Transmission 

• miieal section of conductor is that for which 
. *. . on capital outlay is equal to the annual cost 

j*° V summarizes partially the compari- 
■d) I* ‘| *s of oloctrih conductors. 


i At — 183°. 2 At 25° 3 At 2c I , 

8 Annealed. Hydrogen reduced, 8.9e Commer- 
J & "ini coppci 

• Also .* 


Aluminum 
steel, 7 
strands 



-160° 

0° 

t ,, 


German silver 2 


26 . 6 

f, 

5 

Ni chrome (60 Ni; 22 

* 

109 5 


18 ; 

Cr) 

4*. 1 

. . . . 

0.6 | 

i 

Brass (Zn, 34.3%) . 

• 



Constantan 


. 

49 0 


Manganin 3 

43.13 


43.50 

4 

Phosphor bronze 
Waods alloy. . r 



5-10 

31.25 


Monel metal. . . 



40 



1 See table on p. 198 for other resistance alloys. 
3 62 per cent. Cu, 15 Ni, 22 Zn. 


3 . 55 


1.943 

395 

'1.73* 


Aluminum- 
steel, 37 
strands 


3 85 
49 0 
17.25 X 10-6 
32 

17 to 18 
2.05 

1 43 
0.835 


8 84 per cent. Cu, 4 Ni, 12 Mn. 

4 Most samples of manganin have a zero temperatux 
to 40°C. 
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Fusing Currents f6r Copper Wire 


Tile following table has been tested for copper-wire fusing currents and 
was found to be closely correct for average conditions, according to the 
Electrical Review. 


Size wire, 

B. & S. 

» 

Fusing current, 
ampere 

Size wire, 

B. & S. 

Fusing current, 
ampere 

30 

10 

18 

80 

28 

15 

17 

100 

26 

20 

16 * 

120 

25 

25. 

15 

140 

24 

30 

14 

160 

22 

40 

13 

200 

21 

50 

12 

240 

20 

60 

11 

280 

19 

70 

10 

330 


If heat be developed in an electrical conductor faster than it 
can be dissipated from its surface by radiation and convection, 
the temperature will rise. The allowable rise in tempera- 
ture is one of the limiting features of the current-carrying 
capacity of any conductor, since the rate at which heat will be 
dissipated will depend upon many conditions, such as the size 
and structure of the conductor, the kind and amount of insula- 
tion, if any, and the location with respect to other bodies. 

The general subject of fusing currents for copper wire was 
investigated by W. H. Preece, who developed the formula: 
I = adi where I is the fusing current in amperes, d is the 
diameter of the wire in inches, and a is a constant depending 
on the material. He found the following values for a. 1 


Copper 

10,244 

Iron. . 

3,148 

Aluminum . , . j 

7,585 

• Tin '• 

1,642 

Platinum . 

5,172 

Solder (2 Pb : 1 Sn). 

1,318 

German silver 

5,230 

Lead 

1,379 

Platinoid . 

4,750 




“Standard Electrical Handbook.” 
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Wire Resistance Table* 


Gage No. 

B. Sc S. 

Diam. in 
mils, 
20°C. 

CroBs-section 
at 20°C., 
eq. in. 

Copper 12 
tehma per 

1000 ft. j 

Aluminum, 2 
ohms per 

1000 ft. 

0000 

460.0 

0 1662 

0.04901 

0.0804 

00 

364.8 

0.1045 

0.07793 

0.128 

1 

289.3 

0.06573 

0.1239 

0.203 

2 

257.6 

0.05213 

0.1563 

0.256 

? 

204.3 « 

0.03278 

0.2485 

0.408 

6 

162.0 

0 . 02062 

0.3951 

0.648 

8 

128.5 

0.01297 

0.6282 

1.03 

10 

101.9 

0. 0081 55 

0.9989 

1.64 

12 

80.81 

0.005129 

1.588 

2.61 

14 

64.08 

0.003225 

2.525 

4.14 

16 

50.82 

0.002028 

4.016 

6.59 

18 

40 30 

0.001276 

6.385 

10.5 

20 

31.96 

0.0008023 

10.15 

16.7 

22 

25.35 

0.0005046 

16.14 

26.5 

24 

20.10 

0.0003173 

25.67 

42.1 

26 

15.94 

0.0001996 

40.81 

67.0 

28 

12.64 

0.0001255 

64 90 

106.0 

30 

10.03 

i 0.00007894 

103.2 

169.0 

32 

7.95 

0.00004964 

164 1 

269.0 

34 

6.305 

0.00003122 

260 9 

428.0 

36 

5.000 

0.00001964 

414.8 

689.0 

38 

3 965 

0.00001235 

659 6 

1080.0 

40 

3 145 

0 000007766 

1049 0 

1720.0 


1 “ Standard Electrical Handbook." 

2 Standard annealed, at 20°C. 

8 Hard drawn, at 20°C. 


Sparking Distances in Electrical Installations. — A mass of 
reliable data is now available concerning sparking distance 
between electrodes of simple geometrical form (needle points, 
disks, spheres, etc.), under various conditions, but little infor- 
mation has hitherto been available concerning sparking dis- 
tances between metallic conductors and walls in workshops and 
on switchboard^ etc. This pipblein, which is obviously of 
great practical importance was recently investigated by Gino 
Rebora (see also Atti dell’ Associazione Elettrot. Italiana No. 
31,913), and the first result deduced was the fact that a grain of 
dust or a fine hair or fiber would often suffice to start discharge 
from a high-tensiop conductor. A point or angularity in a 
conductor may cause a discharge to occur which would other- 
wise require 30 per ^ent. higher pressure than that actually 
operative; it is therefore very desirable that all metals subject 
to high-tension current should be as free as possible from points 
and angularities of any kind. The black lines frequently seen 
on switchboards# and walls behind high-tension conductors 
rev^hl the presence of sustained feeble discharges which bom- 
bard the surface near the conductor with particles of dust. 

From observations made in 30 installations, working at pres- 
sures between 3000 and 110,000 volts, Rebora derives a curve 
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showijig the minimum safe distance between conductor and 
earthed walls or metal covers, etc. As shown by the following 
data, his limits are rather less stringent than those recommended 
(but not always observed) by the G. E. C. : 


P. D. 

1 


20 

40 

60 

80 

100 

Kilovolts 

Minimum distance | 
between conductor 

[ Rebora 

100 

200 

330 

450 

• 

590 

Mm. 

and earth 

i G. E. C. 

150 

300 

450 

620 

770 

1 

Mm. 


As regards the effective height of porcelain insulators of 

C ylon form, used as intermediate insulators on distribution 
oards, etc., this height increases almost linearly at the rate of 
5 or 5)^ mm. per kilovolts for pressures up to 80 kv., and 
then increases more rapidly, to a total of 580 mm. for 100 kv. 
and 930 mm. for 130 kv. In deriving these data, Magrinj, 
A. E. G., and Richard Gingori insulators were tested. 

In the course of investigations conducted in the Ecole Poly- 
technique de Milan with a view to determining the laws of dis- 
charge between conductor and masonry, etc., copper wires, 2, 4, 
5, 6 and 8 mm. in diameter, a bar 3 X 10 mm., and a brass tube 
2 %2 mm. in external and internal diameter were used. As 
second electrodes were employed in turn walls of cement, stone, 
hollow brick, eternite, and metal frameworks. The maximum 
testing pressure available was 100 kv. at 42 cycles per second. 
When the conductor under test was pointed straight at the wall, 
breakdown occurred at 20 per cent. — 25 per cent, lower P. D. 
(for separations of 100 to 250 mm.) than would be required 
to produce discharge between needle points the same distance 
apart. This is a result of great practical importance, since live 
metal parts arc frequently so arranged in high tension installa- 
tions as to produce reductions in the factor of safety. 


Relative Cathode Losses in Glow Discharge 

(Platinum taken as 1) 



A 

a 

Palladium 

1 05 

1 10 

Gold 

0 98 * 

0 88 

Silver 

3.46 

3 08 

Molybdenum. . . 

0.44 

*0.41 

Tungsten 

0.62 

0.58 

Iron 

0.81 , 

1 05 

Nickel 

0.81 

1.13 


A *■> volume loss relative to Pt. * 
B ■» lose of atoms relative to Pt. 
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Electric Arcs 1 

Mrs. Ayrtons formula for carbon arcs, E = a. +‘/ 3 Z + 

j 

— — 7 — , has been shown to hold for short stable arcs between 
% 

metals. E is the voltage across the arc, i the current in amperes, 
and l the length in millimeters of the arc in air at 76 cm. pres- 
sure. The formula does not hold for long arcs or corfed carbons. 
For stability, an arc requires an external resistance R which 

must be less than ^ ohms, where E x is the total 

r « 4(y -f 81) 

available voltage; or E z must exccod a + pi + 2 \/R(y + 81). 
If R is too small the arc hisses, in which ease the current is 
independent of the voltage across the terminals. The con- 
stants for carbon refer only to the particular sizes and quality 
used by Mrs. Ayrton. 


Metal 

a 

P 

7 

8 

c 

38 88 

2 074 

11 67 

10 54 

Fe 

15 . 73 .. 

2.52 

9.44 

15 02 

Ni 

17 14 

3.89 

0.0 

17 48 

Co . ... 

20 71 

2 05 

2.07 

10 12 

Cu 

21.38 

3 03 

10.69 

15 24 

Pd ... 

21 64 

3 70 

0.0 

21 78 

Ag 

14 19 

3.64 

11.36 

19.01 

Pt 

24 29 

4 80 

0 0 

[ 20.23 

Au 

20 82 

4 62 

12.17 

20.97 


Thermoelectricity 2 

When two different *mctals are brought into contact so that 
the two junctions arc at different temperatures, there will usu- 
ally be a slight current of electricity produced. The effective 
electromotive force is 

(7\ *- T\)\(B' - ]?".) + {€' - C")( T ‘ X 7 '‘')1 

volts = ' N 1 y J 

100,000,000 

where Ti and 7\ are the temperatures of the junctions, and 
B and C constants as given m the following table: 


Metal 

* B 

c 

Metal 

B 

C 

Iron 

Steel ». 

Soft platinum 

Hard platinum. ... 
Magnesium.. . .. 

Geusnan silver . 

Zinc. ... p ... 

+ 1734 
+ 1139 
+ 61 
+ 260 
, + 244 
+ 1207 
+ 234 

-4.87 
-3.28 
-1.10 
-0.75 
-0.95 
-5.12 
+ 2.40 

Silver 

Gold 

Copper 

Lead 

Tin 

Aluminum 

+ 214 
+283 
+ 136 

o 

- 43 

- 77 

+ 1.50 
+ 1.02 
+0.95 
+0.00 
+0.55 
+0.39 


1 Katbj and Laby’s “Chemical and Physical Constants.” 

2 “ Encyclopedia Amerioana,” Vol. XV, “Thermoelectricity.” 
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The behavior of nickel is anomalous. Antimony and bis- 
muth*produce the greatest current of any two metals, but here 
again, he constants vary greatly according to the absolute 
temperatures .of the junctions. 


Penetrating Power of X-rays 1 


4 


Substance 

Specific 

gravity 

Trans- 

parency 

Substance 

Specific 

gravity 

Trans- 

parency 


1.00 

1.000 


8.92 

0 . 084 

Aluminum. . . 

2. 07 

o.aso 

Silver 

10.24 

0.070 

Glass 

2.70 

0.840 

Lead 

11.39 

0.055 

Tin 

7.29 

0.118 

Mercury . . . 

13.59 

0.044 

Zinc 

7.16 

0.116 

Gold .... 

19.63 

0.030 

Iron... 

7.78 

0.101 

Platinum. 

21.53 

0 020 

Nickel. 

8.51 

0 095 





1 The wave length of X-rays is apparently about 10" 2 to 10~ 8 cm. The 
table is from the General Electric Review. 


Specific Gravity Tables 

The following tables give the average specific gravities of 
most solids and liquids of importance in mining and metallurgy. 
There are separate tables for water, mercury, gases and the most 
important minerals. 

Comparison of Standards. — Hydrogen, air and water are the 
three standards commonly used in the determination of the 
specific gravity of gases, liquids and solids. The relative 
densities of these standards arc as follows: 

Air (dry) is 14.418 times as heavy as hydrogen, at the same 
temperature and pressure, Volume for vdlumc. 

Water (max. density, 4°C.) is 773 times as heavy as dry air 
at 30°F., bar. 29.92 in.; and 815 times as heavy as dry air at 
G0°F., bar. 30 in., volume for volume. 
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Specific Gravities and Unit Weights op Solids Alto Liquids. 


Substance 

Average 

l 

Average 

ep. gr. r 

weight 


(water “l) 

(lb. per cu. ft.) 

Aluminum (99 75% Al) ... 

2.703 

168.7 

(molten) 

2.38 

138.6 

Amber 

1.06-1.11 

67.6 

Antimony 

6.71 

419.0 

Argom (liquid, —185°).. 

Arsenic (amorphous) . * 

(crystallized) 

1.4 

87.3 

5 71 

5.73 

356.0 

358.0 

(molten) • 

5.71 

356.0 

Asbestos 

3.2 

200.0 

Ashes (packed) . . . 

0.72 

45.0 

Asphalt (1 to 1.8). . 

1.4 

87.0 

Barium . . 

3.78 

236.0 

Beeswax. . . . 

0.96 

59.9 

Beryllium 

1.93 

120.0 

Bismuth (com’l) ... 

9.74-9 92 

614.0 

(distilled) ... 

9.78 

611 0 

^molten 13.55 c C) . . ... 

10 04 

627.0 

Bone . . . . 

1 7-2 0 

115.3 


2.45 

153.0 


8.1 

506.0 

rolled, 70 Ou, 30 Zn. .* 

8.4 

524 0 



140-150 

(soft) 


100 0 



110-140 

Bromine (at 0°C ) . . . . . . . 

3 187 

199.0 

Bronze (8 7 to 8.9) .... 

8.8 

550.0 

Cadmium .' ... 

8.60-8.70 

540.0 

(molten) 

7.99 

499.0 

Caesium ... 

1.87 

117.0 

Calcium . . 

1.85 

115.0 

Celluloid . 

1.4 

87.4 

Cement, set . I 

2.7-3 0 

168-187 

Cerium . . 

6.68 

417.0 

Chalk... . 

2.5 

156.0 

Charcoal . . • * 


13.0 

Chromium 

6 52-6.73 

414.0 

Clay (1.8 to 2 6) 

2.2 

137.3 

Coal, anthracite (1.3 to 1 7). 

1.5 

93.6 

bituminous (1.2 to 1 5) 

1.3 

81.15 

cannel, gas coal (1 18 to 1 28) 

1 23 

76.78 

lignite, brown coal. . 

1 1 

68.67 

Cobalt. . . A . . . • 

8 50 8.92 

540.0 

Coke, loose piled .... 


20-30 

Concrete. . . ... 

2.3 

144.0 

Copper, cast (8.6 to 8 8) 
deposited 

8 7 

8 92 

543.0 

557.0 

molten 

8.22 

513.0 

rolled (8.8 to 8.95) . 

8.9 

556.0 

Cork 

0.24 

14.98 

Diamond , . . . 

3 52 


Diatomite •. ... 

Earth, loose to well rammed ... 

0.24 

76-95 

wet, flowing mud 


105-115 

Ebonite .... 

i.is 

71.7 

Emery 

4.0 

250.0 

Erbium A 

4.97 

310.0 

G^liurrT " . ... 

5 89 

370.0 

molten . . m 

6.08 


Germanium 

5.47 

335.0 

German silver . .. . 

8.45* 

527.5 


For minerals, see special table, p. 210. For woods, Bee p. 207. For 
organic compounds, see p. 814. For gases, see p. 214. 
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Specific Gravities and Unit Weights op Solids and Liquids. 

Continued 


Substance 

Average 
sp. gr. 

(water «=• 1) 

Average 

weight 

Ob. per ou. ft ) 

Glass 

2.52 

157.0 

(heavy flint) 

Gold (19.25 to 19.37) (20 Karat = 10.47). . 

2.93 

200.0 

19 31 


coin, U. S 

16J95 

• 

Graphite (average value) 

2.2 

137.0 



95-120 

Greenstone (trap) 


170-200 

Gypsum, ground or calcined, loose ... 
well shaken 


56.0 


64.0 

uncalcined 


130-150 

Ice 

0 92 

57.5 

Iodine 

4 95 

309.0 

Indium 

7 12 

444 0 

Indium 

22 42 

1400.0 

Iron, cast gray, 7.08, white 

7 6 

450 0 

(molten 1355°C) 

6 88 

429.0 

rolled .... ... 

7 68 

480.0 

wrought, sheet (7.6 to 7.9) 

7 8 

485.0 

Ivory 

1 £15-1 . 92 


Kieselguhr . . ... 

0 24 


kiln dried 

0 34 


Lanthanum 

6 15 

384 0 

Lead 

11 35 

700.0 

(molten 1535°C). 

10 6 4 

664.0 

Lignite 


75 0 

Lime (quicklime) 

1 5 

93.75 

ground, loose (66 lb. per bushel) 


53.0 

Limestone 

2 7 

168.0 

Lithium 

0 59 

| 36.8 

Loam 


65-100 

Magnesium 

1 74 

109 0 

molten . ... 

1.572 


Manganese . . « 

*7.39= 

461 0 

Manganin 

8 42 


Marble (2.5 to 2.8) 

2.65 

160-180 

Marl 


100-140 

Mercury (32°F.) (bcc table on p. 176 also) 

13! 5955 

850.0 

(62°F.) 

13 555 

847.0 

solid, — 40°F. 

15.632 

976.0 

Mica • 

2.8 « 

175 0 

Molybdenum. . 

10.2 

636.0 

Monel metal. 

8.80 


Mortar ... 


90-105 

Neodymium 

6 956 

434.0 

Nickel 

8.86 

553 0 

Niobium 

Oils (0 910 to 0.975), weiglit given in pounds 
per gallon: 

12.7 

793.0 

Animal, lard 

0 $16 

7 64 

sperm (pure) ... . 

0.880 

7.34 

whale 

0 925 

7.72 

Mineral, petroleum (crude) 

0 77-1.06 

5.84 

gasolene 

0.700 

kerosene (coal oil) 

0 800 

6.68 

naphtha 

0 730$ 

6 .*09 

Vegetable, cottonseed 

0 923 

7.70 

linseed (boiled) 

0 933 

7.79 

(raw) . . * 

0 780 

6.51 

olive 

0.917 

7.65 

* rape (colza) 

0.915 

7.63 
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Specific Gravities and Unit Weights of Solids an^> Liquids. 

Continued 




Average 

Average 

Substance 

ep. gr 

weight 


(water = 1) 

(lb per cu ft.) 

Osmium ... 

22.48 

1403.0 

Palladium. . 

12.16 

743 0 

Peat (dry, unpressed) 


20-30 

Phosphorus (red) 

(white) . . 

2.34 

1.837 

146.0 

115.0 

Pitch , .... 

1.165 

72.0 

Platinum wire. . * 

21.5 

1342 0 

Plaster of Paris. . 

1 . 50-1 . 80 

103.2 

Porcelain ... ' 

2.3-2 5 

149 6 

Potassium . 

0 . 875 

54.9 

Praseodymium . 

6.475 

404.0 

Pumice 

Quartz (fused, clear ) . 

2.21 

50-60 

(fused, translucent ; 

2.10 


Rhodium 

12 60 

787.0 

Rosin 

1 1 

68 67 

Rubber, hard (pure) . 

1 12-1 25 


Rubber, hard (commercial) 

Salt. . . . 

1 25-1 40 

45 0 

Samarium 

7 75 

484 0 

Sand (dry) 


100 0 

(wet) . • 


130.0 

Sandstone (2.1 to 2 7) 

2.4 

150 0 

Selenium (gray metal) 

4 8 

293.0 

(red) 

4 47 

279.0 

Shale (2.4 to 2 8) 

2.0 

162.0 

Silicon (amorphous) . 

2 00 

125.0 

(crystallized) . 

2.195 

137.0 

Silver (cast) . . 

10.75 

671 0 

(eleotroly tically deposited ) 

10 53 

655.0 

(molten) 

9 51 

594.0 

Slate (2.7 to 2.0) . . . 

2 7 

169.0 

Snow (fresh, dry) 


5-12 

(wet) . . j 


15-50 

Soapstone. 


166.0 

Soda ash • • ! 

1.2 

74.0 

Sodium. . 

0.972 

60.7 

Steel (7.69 to 7.93) 1 

7 85 

490.0 

Strontium 

2.54 

159.0 

Sugar .... 

1 6 


Sulphur ! 

Tallow 

1 96-2.07 

125.0 

0 94 

58.7 

Tantalum t * | 

16.6 

1036.0 

Tar . 

1.0 

62.5 

Tellurium. 

6 . 25 

390 0 

Thallium 

11 85 

740 0 

Thorium . 

12.16 

759.0 

Tin (cast) 

7.29 

439.0 

(molten) . % 

7.02 

438.0 

Titanium. . 

4.87* 

304.0 

Traprock . 

3.0 

187 0 

Tungsten • 

19 3-20.2 

1248.0 

Uranium 

18.69 

1667.0 

Vanadium « 

5.50 

337.0 

Water 2 (max density 4°C ). 

1 0 

62.428 

(pure, 62°F ) 

0 999 

62.366 

(pure, 212°F ) 

0 958 

59 . 806 

^ea, Average f 

1 028 

64 176 


1 Pure arfd soft. The specific gravity decreases as the carbon increases. 

2 See special table on p. 208 for water. 

8 For minerals, sec special table, p». 210. For woods, see p. 207. For 
organic substances, see p. 814. For gases, see p. 214. 

For the specific gravities of the metals, there arc usually two values given. 
The low figures are usually those of cast metals, the high ones of metal either 
finely rolled or drawn into fine wire. 
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Specific Gravities and Unit Weights of Solids and Liquids 

* Continued 


Substance 

Average 

BP- gr. 
(water = 1) 

Average 

weight 

(lb. per cu. ft.) 

Wax (bees) . . 

Wood: dry, seasoned: 

0 97 

60 5 

Ash, white . 

0.55-0.62 

38 0 

Birch. 

0.3** 0 59 

41 t) 

Cedar, white 

0.32-0 42 

0 

red ... » 

0.48-0 57 

35 0 

Cherry 

0.450-0.90 

42 0 

Chestnut . 

0 44-0 66 1 

41 0 

Kim 

0 54-0.74 

35 0 

Kbony 

1.11-1 33 

76 0 

Fir, Douglas. . . . 

0.45 0.50 

20 0 

Hemlock ... .... 

0 30 0 42 

25.0 

Hickory 

0.70-0 93 

53 0 

Mahogany, Spanish. . 

0 85 

53.0 

Honduras. 

0 56-0 66 

35.0 

Maple 

0.53-1 00 

*9.0 

Oak, live 


59.0 

white 

"6 8 

48 0 

black, jack, etc 

0 10-0 75 

35-45 

Pine, white 

0 35-0 50 

25.0 

yellow, Northern 

Southern . 

0 37 0 61 

34 0 


45 0 

Poplar (cottonwood) .... 

Spruce. 

0 ! 35-0 50 

33 0 

0 31 0 40 

25 0 

Sycamore 

l 0 . 40-0 60 

37 0 

Walnut . . 

i 0 64—0 70 

37 0 

\ ttrium 

I 3 8 

237 0 

Zinc . 

! 7 15 

446 0 

(molten U60°C) . 

' 6 81 

405 0 

Zirconium . . 

! 6 25 

390 0 


Density of Metals at High Temperatures 1 


1 )egrecs, 

C 

l 

Tin 

! 

Mag- 

nesium 

Alumi- 

num 

Cop- 

per 

* 

* 

© 

Bronze 

82-18 j 

71 29 

20 


1 739 


8 93 

8 83 

8.89 

8.92 

600 


1 . 650 



8.55 

8 55 


700 

6.68 

1.544 

2 38 


£.47 

8.49 

8 49 

800 

6.61 



2 35 

8 64 

8.41 


8.14 

900 

6.57 


2.32 

8.46 


. . . ? . 


1000 




8 31 


7 95 

7 90 

1100 





7.98 

7 00 

7 83 

7.70 

1200 




7.83 

7 ft ) 

7 71 

• 

* 7.68 


1 Recalculated from K. Bornema^n and F. Satjerwald’b results, Ztsch . 
. R etallkunde, April, 1922, p 145. All metals but bismuth expand on melting. 
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* 

Properties of Water 1 


Tempera- 
ture, 
deg. F. 

Weight in 
pounds per 
cubic foot 
in vacuo 

Relative 

volume 

Tempera- 
ture, 
deg. F. 

Weight in 
pounds per 
cubic fuot 
in vacuo 

Relative 

volume 

32.0 

62.418 

1.00014 

100 

62.02 

1.00656 

39.1 

62.427 

1.00000 

120 

61 74 

1 01113 

50.0 

62.41 

1.00027 

140 

61.38 

1.01706 

60.0 

62.37 


160 

60.98 

1.02373 

62.0 

62.355 

1.00115 

180 

60.55 

1.03100 

70 f0 

62.30 « 

1.00200 

200 

60 12 

1.03837 

80.0 

62.23 

1 00310 

210 

59 87 

1.04271 

90.0 

62.13 

1.00480 

*212 

59.83 

1 04340 


For sea water, multiply the above by 1.026. One U. S. gallon of water 
at 62°F. weighs 8.3366 lb. Water freezes at 32°F : is at its maximum den- 
sity at 39.1°F., British standard for sp. gr., 62°F.; boiling point at sea-level, 
212°F. 

determinations by the Bureau of Standards. 


Table for W a ter in Air 1 


The following table will give the amount of w’ater weighed in air with 
brass weights necessary to fill a liter flask to the 1000 oc mark when the air 
and water are at the same temperature. 


Temperature 
of water 

Apparent 

weight 

Temperature 
of water 

Apparent 

weight 

16 

998 . 05 

| 24 

996.29 

16 

997 90 

25 

996.04 

17 

997 74 

26 

995.79 

18 

997 56 

27 

995.52 

19 

997 38 

28 

995 24 

20 (standard) 

997.18 

29 

994 . 96 

21 

996.97 

30 

994.66 

22 

996 76 

31 

994.46 

23 

996 o3 

32 

994.06 


1 Bur. Standards, Circ. *\’o. 19. 


Densities of Mercury 1 


Tempera- , 
ture aeg. F. 

Pounds per 
cubic inch 

■ 

Tempera- 
ture cleg. F. 

Pounds per 
cubic inch 

Tempera- 
ture deg. F. 

Pounds per 
cubic inch 

0 

0.4928 

40 0 

0.4907 

80 

0.4888 

10 

0.4923 

50.0 

0.4903 

90 

0.4883 

20 

0.4918 

58.1 

0.4899 

100 

0.4878 

30 

0.4913 

60.0 

0 . 4898 

110 

0.4873 

32 

0.4912 

70.0 





Tempera- 
ture deg. C. 

Grams per 
cc. 

Tempera- 
ture deg. C. 

Grams per 
cc. 

Tempera- 
ture deg. C. 

Grams per 

CO. 

-20 

13.6450 

40 

13.4973 

100 

13.3518 

-10 

13.6202 


13.4729 

150 

13.233 

_ “0 

¥? . 5955 

60 

13.4486 

200 

13.068 

c 10 

13.5708 

70 

13.4243 

250 

12.998 

20 • 

13.5462 

80 

13.4001 

300 

12.881 

30 

13.5217 

90 

13.3759 




iEiaen wood’s “Steam Charts.” 
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# Kirby’s Table op Weights op Orb in Place 1 


Material 

Weight per cubic 
foot 

Cubic feet per ton 

Theoret- 

ically, 9 

pounds 

Prac- 

tically, 

pounds 

Theoret- 

ically 9 

Prac- 

tically 

Galena 

465 

426 

4.3 

4.7 

Pyrite 

Blende 

313 


6.4 



235 

8.0 

8.5 

Hematite 

303 

C JS7 

6.6 

* 7.5 

Limonite 

238 

213 

8.4 

9.4 

Dolomite «... 

175 

160 

11.4 

12.5 

Limestone, andesite, syenite 

168 

154 

11.9 


Vein quartz, granite and granitic 
rooks 

168 

148 

11.9 

13.5 

Clay, quartz, porphyry, trachytes, 
rhyolites 

163 

136 

12.3 

14.5 

Vein quartz, with 15 per cent, galena. 

187 

164 

10.7 

12.2 

Vein quartz, with 15 per cent, pyrites 

180 

160 

11.1 

12.5 

Vein quartz, with 10 per cent, hema- 
tite 

170 

155 

11.4 

12.9 


1 R. H. Richards, “Ore Dressing. Vol. II.” 

9 Calculated from specific gravity of pure unaltered specimens. 


* 

McDonald’s Table of Weights of Ore 


Material 

Weight per cubic 
foot 

Cubic feet per ton 

In place, 
pounds 

Broken, 

pounds 

In place 

Broken 

Granite and porphyry 

170 

97 

11.8 

20.6 

Gneiss 

168 

96 

11.9 

20.8 

Greenstone and trap 

187 

107 

10.7 

18.7 

Limestone 

168 

96 

11 9 

20.8 

Slate p. . 

175 

»95 

11.4 

21.1 

Quartz 

105 

94 

12 1 

21.3 

Sandstone 

151 

86 

13.2 

23.3 

Earth in bank 

111 


18.0 


Earth dry and loose. 


74 


27.6 

Clay 

118 


17.0 


Sand 

80 


25.0 



Weight of Rock and Sand 1 


! 

! 

Cubic feet | 
per ton 

Weight in 
pounds per 
cubic foot 


11 4o 13 

154 to 182 


15 to 18 

111 to 133 

Oxidized ore in place 

14 to 18 

111 to 143 

Oxidized ore hrnkpn 

22 to 24 

%l to 91 

Mill tailing 9 (sp. gr. 2.7) 

Sand enll eeted under water 

21.5 

93 0 

Transferred sand (before leaching) 

26 0* 
24.0 

77 0 

Leached nand (fitter transferring! 

83.3 # 


• 


1 From MacFarren’b ” Cyanide Practice.” “ Mining and Scientific PreBs/ 
San Francisco, Calif * 

* 2 W. A. Caldecott, Journ . Chem. t Met. and Min . Soc. of S.A., Oct., 1010. 
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DENSITY AND HARDNESS OF MINERALS 1 


Acids and oxides: 

Arsemous acid AS2O3. . 

Boric acid, B(OH)j . 

Titanic acid, anatase, TiC> 2 . 
brookite, TiCh . . 
rutile, T1O2. . . 

Bauxite, A1203-2H20. . . 

Corundum, AI2O3 

Cuprite, CU2O. . - 

Diaspore, Al(OH)3 AI2O3 . . . 

Tin oxide (casBiterite), Snt>2. . 

Melacomte (black copper), Cu() * 

Hematite, Fp 20 s 

Magnetite. Fe,i()i 

Ferric oxide (hydrates) limonitc 

Ice at 0°C 

Magnesia (pcnclase), Mg() 

Magnesia (hydrated, brueite), Ml' (OH ) 2 

Manganese oxide, braumlc, 

hausmanmte, MnjOi 
pyrolusite, MnOj 
Silica, agate, S1O2 
quartz, S1O2. 

Opal (hydrated silica). 

Uranium oxide (pitchblende) . . 

Zincite, Z11O 
Alunnnnles: 

Spinel, MgO AI2O3 

Anorthito, Ca2Al4SuOis. . . . 

Antimonidea: 

Breithauptite, NiSb. . . 

Anti mom tc, Sb2Sj 

Arsenides: 

Cobalt arsenidi , Rinaltite, (Co.Ni) As2. . . . 
Copper arsenide, domeykite, CujAh... . 
Nickel arsenide, lncrolite, NiAs 
Borates: 

Boracite, MgrChBieOan 
Borax, NaaBiO7 l0H2O 
Bromides: 

Silver bromide, AgBr 
Carbonates: 

Aragonite, CaCOa 

Azunte, 3C113C2O7 7H2O. . . . 

Calcite, CaOOj 

Cerussite, PtnJXh *■ 

Dolomite, MgCa(COj)2 
Malachite, C112CO4 II2O. . 

Magnesite, MgCOs 

Sidcrite, FeC(>3 
Smithsonite, ZnCOa. . . 

Stronianite, SrC*>3 

Witlierite, JiaCOs 

Chlorides: 

Atacamite, Cu2(CfH)3Cl 

Calomel, HgiCla 

CarnalBte, KMgCl 3 -6H 2 0 

Cerargynte, AjiOl . ... 

Hock salt, NaCl . . 

Sylyite, KC1 - 
Cht omates: ~ 

Lead ckromate, PbCr(>4 
Chromite, FeCnCb. . 


Specific 


gravity 

Hardness 

3 69-3.70 

1 5 

1 48 

1 0 

3.88 

5 5-6.0 

4.14 

5 5-6.0 

4.28 

6. 0-6. 5 

2 63-2.80 


3.90 4 02 

9.0 

5 99 

3.75 

3 37 

6.5 

6 30-7.10 

6.5 

6 20-6.30 

3 0-4.0 

4 54-5.28 

6.0 

4 945 18 

5.5 

3 60-4 00 

5.5 

0.92 


3 67 

6.0 

2 35 

2 5 

4 75 

6 0 6 5 

4 72 

5 0-5.5 

4 82-4.97 

2.0 

2 58-2 62 

6.0 

2 65 

7 0 

2 03 2 09 

5 5-6 5 

6 01-8 07 

5 5 

5 57 

4 0-4 5 

3 55 

8 0 

2 7 

6 0-7 0 

7 54 

5 5 

4 57 

2 5 

6 11 

5 5 

7 75 

3 0-3 5 

7 72 

5 5 

2 91 2 97 

5 0 7 0 

1 72 

2 0 

3 80 6.00 

2 0-3.0 

2 93-2 94 

3 5-4.0 

3 70 3 83 

4.0 

2 70-2.73 

3.0-3.65 

6 57 

3.25 

2 83-2 94 

3.75 

3 93 

3.5 

3 0 

3. 5-4. 5 

3 83 3.88 

3. 5-4.0 

4 30 4 45 

5.0 

3 60 3 71 

3. 5-4.0 

4.28 

3.5 

3 70 

3.0-3 5 

6 48 

1. 0-2.0 

1.6 

1 0 

5 31 -5 43 

1.5 

2 26 

2.5 

1 90 2.00 

2.0 

5 90 6 10 

2. 5-3.0 

4 32-4.50 

5.5 


See also tabic on p. 213. 
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• 

Fluorides: 

Cryolite, NaaAlF# 

Fluorite, CaF2 

Molybdates: 

Wulfenite, PbMoO< 

Niobates and Tantalates; 

Fergusonite, Y, Er, Ce, Nb, Ta, O 

Niobite, FeNb 20 o 

Samarskite .... 

Tantalite, FeTaaOc 

Nitrates: 

Saltpeter, KNOj 

Phosphates: 

Apatite * 

Autumte 

Monazite (Ce, La) PO« . 
PyroiTiorphite, Pb&Cl(P 04 )j 

Turquoise 

Chalcolite 

Silicates: 

Albite 

Amphibolc .... 

Anaalousite, AlsSiO* 

Augitc 

Emerald (beryl) . . . 

Epidote ... 

Feldspar, orthoclasr . 
nlbite 

oligoclase.. .. 

andesite 

labradonto . . 
anorthite . . 

Gadolimte, BcsFeYiSUOw 

Granite 

Hornblende 

Hypersthcnc (Fe, Mg)Si(>j 

Idocrase 

Jadcite, NaAl(SiOj)2 

Lapis-lazuli 

Pcridote 

Phenacite, B02S1O4 ' 

Olivine (Mg, Fc)aSi 04 ) 

Mica 

Pyroxene, diopside. 

augit.e 

hedenbergite. . 

Quartz, S1O2. . . . 

Rhodonite * 

Serpentine 

Sillimamte, AI2OS1O4 . 

Thorite, TI1S1O4 . . . 

Willemite, Z112S1O4 
Wollastonite, CaSiOi 
Zircon, ZrSiCb. . 

Hydrated silicates: 

Cftlamine, Zn2(OH)2SiOa 
Chrysocolla, CUS1O3 2 IIaO 

Hallo y site 

Kaolin 

Magnesite, HiMgsSisOio 
Pyrophyllite, HAl(Si 03 ) 2 . . . 

Talc 

Thomsonite 

s It coborate: 

Tourmaline 

Silicochloride : * M 

Sodalitc 
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Silicofluoride8 : 

Leucophane 

Mica 

Topaz 

Siliconiobate: 

Wfihlcritc 

Sulphates: 

Anglesite, PbSO< 

Anhydrite, CaSO* 

Barite, BaS04 

Cplestite, SrS0<.. 4 

Epsomite, MgSOiTHaO 

Glauberite, NaaSCh 

Gypsum, CaSOi 2HiO 

Kainit, MgSCh-KCl 3II 2 0. 
Sulphides: 

Argcntite, AgaS 

Bismuthinite, B 12 S 3 

Blende (sphalerite), Z 11 S. . . 

Bornite, CuaFeSa 

Chalcocite, Cu 2 S 

Chalcopyrite, CuFeSa 

Cinnabar, HgS 

Erubescitc, CuaFeSa 

Galena, PbS 

Greenockite, CdS. 

Mareasitc, FcSa. 

Millcrite, NiS 

Molybdenite, M 0 S 2 

Orpiment, AS 2 S 3 

Pyrite, FeS 2 

Pyrrliotite, FeS 

Realgar, AbS 

Stibnite, Sb 2 S 3 

Sphalerite, ZnS 

Sulphantimomdes: 

Bournomte, PbCuSbSa 

Jamesonite, PbFeSbbSu. . . 

Pyrargyrite, AgaSbSa 

Sulpharsen ? des: 

Cobaltite, CoAbS. . . U 

Enargitc, CuaAsS* 

Mispickcl, FcAbS 

Prouetite, AgaAsSa 

Tellurides: 

Nagyagite, Au, Pb, Sb, Te, S. 

Tetradyimte, Bi, Te, S 

Petzite (Ag «Au)aTe 

Sylvanite, AuAgTe* 

Titanates: 

Ilmenite, FeTiOa 

Tungstates: 

Scheelite, CaW04. . . 
Wolframite (Fe, Mn)WOi. . 
Vanadates: 

Desdoizite . . 

Vanadinite, PbsolCVCMa . 
Combustibles: 

Anthrfcite 

Asphalt 

Bituminous 

Lignite ^ 


Specific 

gravity 

Hardness 

2.97 

4.0 

2.71-3. A3 

2. 0-3.0 

3.51-3.58 

8.0 

3.41 

5 5-6.0 

6.26-6.30 

3.0 

2.90-2.96 

3. 0-3. 5 

4.48-4.72 

3.0 

3.92-3 96 

3. 0-3. 5 

1 75 

2. 0-2. 5 

2.64-2 85 

2.33 

2.0 

2.1 

2.5 

7.24 

2.5 

6 40 

2.0 

4.09 

3. 5-4.0 

4.40-5 50 

3.0 

5.78 

2 75 

4.17 

4. 0-4. 2 

8.12-8 20 

2.5 

5.05 

3.0 

7.26-7 60 

2.75 

4 99 

3 0-3.5 

4.77-4.86 

6 0-6.5 

5 65 

3.5 

4 94 

1.5 

3 45 

1.75 

4.85-5.04 

6 0 

4 62 

4.0 

3.64 

2.0 

4 62 

2 0 

4.09 

3. 5-4.0 

5.75-5 83 

2. 5-3.0 

5.61 

2.5 

5 86 

2.5 

6 . 26-6 . 37 

5.5 

4.36 

3 0 

5.22-6 07 

5.5-6 0 

5.50 

2. 0-2.5 

6.68-7 20 

1.0-1. 5 

7.41 

1. 5-2.0 

8.83 

2. 5-3.0 

8.28 

2.0 

4.89 

5. 0-6.0 

6.07 

4. 5-5.0 

7.14-7.36 

5. 0-5. 5 

5.84 

3. 0-5.0 

6.66-7.23 

3.0 

1.34-1.46 

0 83-1 16 

1 28-1.36 

1.10-1.35 



PHYSICAL CONSTANTS 

213 

The Principal Concentrating Ores and Gangues 1 

Specific 


gravity 

Hardness 

Lend: * 

Galena 

... 7.26-7.60 

2. 0-3.0 

Cerussite . . 

6.57 

3.75 

Anglesite 

. . . 6.26-6.30 

3.0 

Copper: 

Melaconite. . . . 

ft 0 

3. 0-4.0 

Cuprite 

3 99-4 02 


Chalcocitc 

5 78 

2.75 

Bormte. . ... 

4. *10-5 50 

3.0 

Chalcopyri fce 

4 17 

3 5-4 0 

Malachite , r . 

3 93 

3 5-4 0 

Chrysocolla 

. . 2 00 - 2 . 20 

2.0-4 0 

Tetrahedrite, 4 CuaS SbaSs 

1 4 -5. 1 

3.0-4 0 

Iron : 

Mispickel 

. . 5 22-6 . 07 

5.5-6 0 

Magnetite 

. 4 94-5.18 

5.5-6 5 

Pyrite 

Marcasitr 

. 4 85-5 04 

6 . 0-6 5 

. 4 77-4.86 

6 . 0 - 6 . 5 

Pyrrhotito 

4.62 

4.0 

Zinc: 

Franklinite 

. . 5.07-5.22 

6.0 

Smithsonitc 

. . 4.30-4 45 

5.0 

Sphalerite 

4 09 

3.5-4 0 

Willemite 

. . 4 4.01 

5.0 

Gangues: 

Barite (heavy spar). 

. . 4 48-4 72 

3. 0-3. 5 

Manganese garnet ... 

... 1 10-4 50 

7.0 

Iron garnet 

3 90-4.40 

7.0 

Lime garnet 

3 40- 3 . 50 

7.0 

Fluorite (fluorspar) .... 

. . 3 14-3.19 

4 0 

Anhydrite (gypsum) . 

2.90 2 96 

1 . 5-2.0 

Dolomite 

. 2.83-2 94 

3. 5-4.0 

Quartz 

2 50-2 80 

7.0 

Calcite 

2.70-2 73 

3.0 

Kaolinite. . . . 

. 2 40-2 60 

1.0 

Ilemati to 

. 4 50-5 30 

5 . 5-6 . 5 

Serpentine 

2 6 

3.0-4 0 

Spinel . . ,> 

. .*3 50-3 60 

8.0 

Talc . . .. 

*2 50 2.80 

1.0 

Cyanite, AhSiOt 

... 3 56-3 67 

5 0-7.0 

Muscovite, KAKSiOOa. Common mica... 

... 2 76-3 . 0 

2. 0-2. 5 

Miscellaneous: 

Hornblende 

... 2 90-3.50 

5. 0-6.0 

Monazite 

5 0 

5.2 

Pitchblende . 

6 4 # 

5.5 

Rutile .... . . 

4.20-4.30 

6. 0-6. 5 

Thorianito. . . 

8 00-9 70 

7.0 

Thorite... 

4 6 


Wolframite . . 

. 7 10-7 90 

5. 0-5. 5 

Graphite. . . 

. 2.09-2.23 


1 From Megbaw’h “ Practical Data for the Cyanide Plant.” 

For a longer 

table, based on acid radicals, see p. 210. 
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Specific Gravity and Absolute Weight of Gases 


Gas 

Formula 

Molecular 

wt. 

(0 = 16) 

, Weight 
of 1 liter 
in grams, 
N.P.T. 

Sp. gr. 
(aar = 1) 

Wt. of 1 
cu. ft. in 
pounds 
N.P.T. 

Acetylene . . 

Air 

Aldehyde. . 

C 2 H 2 

26.015 

1.173 

1 . 2929 

0 . 9093 
1.0000 

0.07323 
0 08071 
0 12368 

C 2 II 4 O 

44 031 

1 9811 

1.5325 

Ammonia. 

nh 3 

17.032 

0.7710 

0.5964 

0.04813 

Alcohol, amyl . . 

Cr.il 11 OH 

88.092 

4 0696 

3.1479 

0 25406 

Alcohol, ethyl 

CMfftOH 

46 . 046 

2 . 0862 

1.6137 

0 13024 

AlcohcJl, methyl « 

CHsOH 

32 031 

1.4483 

1.1202 

0.09042 

Argon 

A 

39.91 

1 . 7832 

1 . 3792 

0.11132 

Arsine . 

As H 3 

77.983 

3 480 

2.6916 

0.21593 

Benzene. . . 

CbTIs 

78.046 

3 5821 

2 7708 

0 22362 

Boron chloride 

BC1 3 

117.194 

5 09 

3.937 

0 3177 

Boron fluoride 

BFs 

67.82 

2 99 

2 312 

0 1867 

Bromine. . 

Br 2 

159.82 

7. 3437 

5 5258 

0 44597 

Butane 

Cillio 

58.077 

2 . 673 

2.075 

0 1654 

Carbon dioxide 

co 2 

44 000 

1 9769 

1 . 5290 

0 12341 

Carbon monoxide . 

CO 

28 . 000 

1 . 2504 

0.9671 

0 07806 

Carbonyl chloride. . 

CO Cl 2 

96.916 

4.47 

3.457 

0 2791 

Carbonyl sulphide 

| cos 

60.065 

2.721 

2.104 

0 16987 

Chlorine . 

Cl 2 

70.916 

3.214 

2 4589 

0 20064 

Chlorine dioxide. . 

cio« 

67.458 

3 0192 

2 3352 

0 18848 

Chlorine monoxide . 

1 GlsO 

86.916 

3 89 

3 0079 

0 24284 

Cyanogen 

IrCsNs 

52 016 

2 335 

1 . 7983 

0 14577 

Ethane 

! c 2 ii 6 

30 046 

1 3566 

1 0492 

0 08470 

Ethylene 

; can 

2S 031 

1 2604 

0.9749 

0 07869 

Fluorine 

1 r 2 

38 00 

1 695 

1.313 

0 10588 

Helium 

He 

4.00 

0 1785 

0.1381 

0 01114 

Uydrobromie acid 

HBr 

80.924 

3 6445 

2.8188 

0 21506 

Hydroehlonc acid 

11 Cl 

36.466 

1 6392 

1 . 2679 

0 10233 

Hydrocyanic acid. 

HCN 

27.016 

1 226 

0.9483 

0 07654 

Hydrofluoric acid. . 

HF 

20.008 

0 9220 

0.71318 

0 05756 

Hydroiodic acid. . 

III 

127.940 

5 7891 

4.477 

0 36140 

Hydrogen.. 

! IF 2 

2.0154 

0 08988 

0.06951 

0 00561 

Hydrogen arsenide 

As 11 3 

77.983 

3 4589 

2.6753 

0 21593 

Hydrogen phosphide 

! PTI .1 

34.047 

1 5293 

1.1829 

0 09547 

Hydrogen selenide. 

, II-.Se 

81 . 254 

3 628 

2.80629 

0 2265 

Hydrogen sulphide 


34* 080 

1.539 

1.1904 

0 09607 

Hydrogen telluride 

R 2 Te 

129.515 

5.80 

4.486 

0 3621 

Iodine 

h 

253.864 

11 271 

8.7183 

0 70363 

Krypton... . 

Kr 

S2.9 

3 708 

2 . 8682 

0 23148 

Mercury 

Hr 

200.61 

9.0210 

6 9785 

0 56317 

Methane 

CHi 

16.031 

0.7168 

0 5544 

0 04475 

Methylamine. . . 

CHjNTI* 

31.0465 

1 396 

1 . 0797 

0 08715 

Methyl chloride 4 

Cl I iCl 

50.481 

2 3076 

l 7848 

0 14406 

Methyl ether 

(C11. 4 ) 2 0 

* 46.046 

2 1098 

1 6361 

0 13171 

Methyl fluoride 

CHsF 

34 . 023 

1 5452 

1 . 19501 

0 09646 

N eon 

Ne 

20.2 

0.9002 

0 69634 

0 05620 

Nitric oxide 

NO 

30.008 

1 . 3402 

1 . 03669 

0 08367 

Nitrous oxide . 

NaO 

44.016 

1.977 

1.529 

0.12342 

Nitrogen (chcni ) ... 
Nitrogen (atmospheric) 

Na 

28.016 

1 . 2505 
1.2568 

0 96720 
0 . 97208 

0.07835 

0.07846 

Nitrogen tetroxide . . 

N 2 O 1 

88.064 

4.1133 

3.18178 

0.25679 

Nitrogen tetroxide « 

N(>2 

44.032 

2 0567 

1 . 59092 

0 12840 

Nitrosyl chloride 

NOC1 

65.466 

2.992 

2.3119 

0.18678 

Oxygen . 

(>2 

32 . 000 

1.4290 

1 . 10527 

0.08920 

Phosphine". 

Pll 3 

34.047 

1 . 5294 

1 . 18285 

0.09548 

Phosphorus . 

P 4 

124.096 

5.6318 

4 . 35039 

0.35158 

Propane ... . 

Call* 

44.062 

2.020 

1 . 5625 

0. 12610 

Propylene f 

Radium emanation 

Calls 

42.046 

1 . 8783 

1.45293 

0.11726 

Nt 

222 . 00 

9.73 

7.524 

0.60742 

Silicon flu dr 1 do. 

S 1 F 4 

104 06 

4.684 

3.6049 

0.29093 

Sulphur dioxide. 

SO 2 

64 . 065 

2.9269. 

2 . 26382 

0.18272 

Xenon. . 

Xe 

h'10 . 2 

5.851 

3.7524 

0.36527 

Water 

ii 2 o 

18.015 

0.8063 

0.6237 

0 05034 
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The column headed Weight of 1 liter in grams, etc., is mainly 
basea upon the tables in “Annuaire pour 1914, Bureau des 
Longitudes” and in the “Critical Tables” published by the 
International* Research Council and associates. Other data 
are compiled from various sources. There is a wide variation 
in the results for these constants, even between the work of 
two supposedly equally qualified workers. For that reason 
I have, in several instances, cut out some of the last decimal 
places. In part this variation is caused by the effect of surface 
condensation of gas films on the apparatus worked with and in 
part it is probably due to the shape of the vessel itself, as set 
forth by Morlcy in 1895. - 

The determination of these constants for gases is by no 
means a simple problem. So far as possible, the values are 
those obtained experimentally, and are not simply calculated 
from atomic weights. In the cases of such substances as 
mercury, water, etc., the values at 0° and 29.92 in. of mercury 
pressure are purely theoretical. The experiments for the 
determination of the constants have been made at higher 
temperatures and the values in the table calculated from the 
equation pv — RmT. ^ 

If a gas be expanded or compressed so quickly that no heat 
is either absorbed or given off, then pc 1 - 406 = k. 

In the above equation, p represents pressure* v volume; m, 
mass; T, degrees absolute; and R , the so-called gas constant. 
It is obvious, that given any mass of gas, if the pressure, volume, 
and temperature are known, R can be calculated for that mass, 
and having been calculated, if the mass be unchanged, but the 
pressure or volume or temperature, or any two or all of them, 
be altered, if two of the three are known the other may be 
calculated. But to take a special ease, if masses in grams 
equal to the molecular weights of variou# gases be taken, R is 
almost uniform for all gases. This value is the so-called gas 
constant. If p be taken in kilogram per sq. cm., v in liters and 
T m degrees absolute equal to C° + 273, then R will be closely 
82.07, which M. D. Bekthelot gives as the value for a perfect 
gas. Obviously, there is a gas qonstant, but a (different one in 
t ho ft.-lb.-F° notation. A gram-molecule of gas is variously 
stated at from 22,318 ce. to 22,41 2 cc., the latter being the Smith- 
sonian Tables value. Bert helot gives it at 22,380 cc. 

The number of molecules per cubic centimeter of gas under 
standard conditions is about 27.09 X 10 18 . 


Critical Temperatures and Pressures 1 

The critical temperature of a gas is that temperature above 
" hich no pressure suffices to produce a liquid. <jTlie pressure at 
hich a gas at the critical temperature begins to becoiqp a liquid 
^ known as the critical pressure: 


“ Annuaire par 1914, Bureau des Longitudes.” 
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Substanoe 

Critical tem- 
perature, 
deg. C 

Critical pres- 
sure, atmos. 

Critical den- 
sity calcu- 
lated g. per 
cm,* 

Elements: 

Argon 

-122 

48 

0.531 

Bromine 

302 



Chlorine 

144.0 

76.1 

0 5*3 

Helium 

-207.9 

2 26 

0 0693 

Hydrogen f 

-239 9 

12.8 

0.0310 

Iodine 

553 



Krypton 

— G* 

54 

0 78 

Mercury 

>1530 

>200 

4-5 

Neon .... 

-228.7 

25.9 

0 484 

Nitrogen 

-147 1 

33 5 

0.3110 

Oxygen .... 

Sulphur... ... 

-118 8 
1040 

49 7 

0.430 

Xenon 

1G « 

58 2 

1 155 

Air 

-140.7 

37.2 

0 35 

Inorganic compounds: 
Ammonia 

132.4 

111.5 

0 235 

Germanium chloride. . . . 

277 

38 


Hydrobromic acid 

90 

84 


Hydrochloric acid 

51 4 

81.6 

0,42 

Hydriodic acid » 

151 

82 


Hydrogen sulphide 

100.4 

88 9 


Hydrogen sclcmde 

138 

88 


Nitric oxide, N 2 O 2 

-94 

65 

0 52 

Nitrogen peroxide, NaOi 

Nitrosyl chloride, NOC1 

158 

99 


167 



Nitrous oxide, N 2 O. ... 

36 5 

71.7 

0 45 

Phosphine, P1I 3 

51 

64 

0.30 

Phosphorus trichloride, PCla 

285 5 



Silicon fluoride, SiFi 

-1.5 

50 


Silicon hydride, SiH« 

-3.5 

48 


Silicon tetrachloride, SiCb. 

221 



Sulphur dioxide, SO 2 

157 

78 


Tin totrachloride, SnCh. 

318 7 

37 

0 742 

Water 

374.0 

217.7 

0.4 

Carbon compounds: 



Acetone, CaHaO 

235.0 

47 

0 268 

Acetylene, C 2 II 2 

36 

62 

0 231 

Benzene, C#lle 

288.5 

47 7 1 

0.304 

Butane, C*Hio 

153 

36 


Carbon dioxide, COa 

31.1 

73.0 

0 460 

Carbon disulphide, CSz 

Carbon monoxide, CO 

273 
' -139 

76 

35 

0 311 

Carbon oxysulphide, COS 

105 

61 

Carbon tetrachloride, CCli 

283 1 

45 0 

0 558 

Cyanogen, C 2 N 2 . 

128 

59 

Ethane, CjHe 

32. 1 

48.8 

0 21 

Ethylalcohol, CzIIoOH 

243 1 

63 1 

0.275 

Ethvlene, C 2 H 4 

Hydrocyanic acid, HCN 

Methane, CH< . . . 

9.7 

50 9 

0 22 

183.5 

50 

0 20 

-82.5 

45 8 

0 162 

Methylchloride, CHaCl 

143.1 

65.8 

0.37 

Naphthalene, CioHg. . . ,* 

468.2 

39 2 


Pentane, CsHn 

197.2 

33 0 

0.296 

Phenol, CeHsOH 

419 

60.5 


Phosgene, CCI 2 O. 

182 

56 

0.52 

Propane, CaHs. m . . . 

Wropylene, Call#. . . 

Toluene, €hH* 

95.6 

43 


92 3 

45.0 


320.6 

41.6 

0.202 
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How to Generate the Various Gases 

Acetylene. — Best generated from calcium carbide and water 
(CaC* ■+- 2H 2 0 = Ca(OH) 2 + C 2 H 2 ). Can also be prepared by 
the incomplete combustion of coal gas, or by the action of acety- 
lene bromide on alcoholic potash (C 2 IIiBr 2 + 2KOH = C 2 H 2 -f 
2H 2 0 + 2KBr). Can also be bought compressed in cylinders. 

Ammonia. — Best generated by the action of calcium oxide on 
ammonium chloride. Can be bought compressed in cylinders. 

Argon. — Can be obtained by depriving air of oxygen with 
phosphorus, then absorbing the nitrogen b;f red-hot magnesium. 

Arsine. — The gas may be obtained pure by the following 
reaction : * 

Sn 8 As 2 + 6HC1 = 3SnCl 2 + 2AsH 3 
It is also formed when any arsenious compound comes into 
contact with nascent hydrogen, which reaction forms the basis 
for the well-known Marsh test. The other hydride of arsenic, 
As 2 H 4 , is a solid. 

Bromine. — Best generated by heating the easily purchased 
liquid bromine. 

Carbon Dioxide. — Best made by the action of hydrochloric 
acid on marble or sulphuric acid on sodium carbonate. Can 
also be bought compressed. 

Carbon Monoxide. — Best made pure by heating oxalic acid 
with concentrated sulphuric acid and absorbing the carbon 
dioxide in calcium hydrate emulsion: 

c 2 h 2 o 4 + h 2 so 4 = co 2 + CO + h 2 so 4 -h 2 o 

Can also be made by passing C0 2 over red hot coke or charcoal. 
This last reaction is not self-sustaining but requires considerable 
external heat. 

Chlorine. — Is readily generated from a mixture of salt, man- 
ganese dioxide and sulphur’*} acid. 3 
(4NaCl + Mn0 2 + 4H 2 S0 4 = 4HNaS0 4 + 2H 2 G + MnCl 2 

4- 2C1.) 

It is also readily purchased compressed in cylinders. 

Cyanogen. — This is easily made by heating mercuric cyanide. 
It is extremely poisonous. # . 

Ethane. — Must be made from a methyl halide, as: 

2CH 3 C1 + 2Na = 2NaCl + C 2 H fl 

Ethylene. — Is best formed by treating an ethyl halide with 
potassium hydroxide (C 2 H 5 Br + KOH = C 2 H 4 + KBr + H 2 0) 
or by treating ethyl alcohol with concentrated sulphuric acid. 

Hydrogen. — Formed by the action of hydrochloric or sul- 
phuric acid on metallic zinc, though the gas prepared in this 
way. may contain hydrogen phosphide and arsine, »so that it 
cannot be used for certain purposes. The Lane process pro- 
duces hydrogen by passing steam over red-hot iron, and reduc- 
ing the Fe 3 0 4 formed with water gas, the iron being again u%ed 
to produce further quantities of hydrogen. It can also be pro- 
duced by electrolytic methods (methods of Messersclimidt and 
of Bergius), and by the reactions Ca(OH) 2 + CO = CaCO* + 
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H 2 and CO + H 2 0 = C0 2 -f H 2 . It is said the hydrogen for 
Zeppelin inflation is made by starting the decomposition of 
acetylene electrically, C 2 H 2 = 2C + H 2 + 47.800 cal. Jau- 
bert’s method consists in preparing calcium hyaride by passing 
hydrogen over calcium in an electric furnace, Ca + H 2 = CaH 2f 
then later generating the hydrogen where needed: CaII 2 + 
2H 2 0 = Ca(OH) 2 + 2H 2 . Strictly speaking, this is a method 
of transporting hydrogen rather than of generating it. Jaubert 
also has patented a hydrogen it e mixture, 5 parts ferrosilicon, 
12 parts caustic soda and 4 parts slacked lime. Si + 2NaOH + 
Ca(OH) 2 = Na 2 SiO£ + CaO + 2H 2 0. Hydrogen may also be 
generated by the action of potassium or sodium on water. 

Hydrochloric Acid Gas. — Given on by the action of concen- 
trated sulphuric acid on aqueous hydrochloric acid. 

Hydrocyanic Acid Gas. — This is formed by heating sulphuric 
acid and sodium cyanide. It is fearfully poisonous. 

Hydrogen Phosphide (Phosphine).— This is formed when 
phosphorus is boiled with strong potash or caustic soda, or 
caustic lime (4P + 3NaOH + 3H 2 0 = 3H 2 NaP0 2 + PH 3 ). 
The gas as thus formed takes lire in contact with air, due to 
traces of P 2 H 4 . This compound can bo removed by refrigerat- 
ing mixtures and the resulting gas will not take fire sponta- 
neously. These phosphorous compounds are very poisonous. 

Hydrogen Selenide. — Formed by the action of dilute acids 
on aluminum selenide. This can be made by putting lump 
selenium in molten aluminum. A mask and gloves should be 
worn when making the selenide, as the mixture occasionally 
spatters badly. The utmost precaution should he observed not 
to breathe the seleniuretted hydrogen. 

Hydrogen Sulphide. — Readily made by treating ferrous 
sulphide with hydrochloric acid, by the action of sulphuric 
acid on low-grade mattes, or by melting paraffin and sulphur 
together, or by healing sulphur and crude oil together. 

Hydrogen Telluride. — Formed by the action of water on 
aluminum telluride. This is made by putting lumps of tellu- 
rium in molten aluminum. The slag which forms on the 
surface is aluminum telluride. Goggles should be worn when 
making this cofnpound. 

Kakodyl. — [(CH 3 ) 2 As] 2 . This is formed by heating arsenious 
anhydride and potassium acetate in a closed retort. This is 
ordinarily a fetia, fuming liquid, violently, poisonous, and when 
pure, spontaneously inflammable. 

Methane. — This is most easily prepared by heating a mixture 
of 2 parts sodium agetatc, 2 parts potassium hydroxide and 3parts 
quicklime (NaC 2 H 3 0 2 + ROH = C?I 4 + RNaC0 3 ). It can also 
be made by passing, carbon disulphide and water vapor over red 
hot copper (CS 2 + 2H 2 0 + 6Cu = CH 4 + 2Cu 2 S + 2CuO). 

Nitric Anhydride. — Prepared by passing dry chlorine over dry 
silver nitrate at^)5°C. 

Nitrous Oxide. — Obtained by heating ammonium nitrate 
crystals (NH 4 N0 3 = N 2 0 + 2H 2 0). The reaction takes place 
at comparatively low temperatures. 



PHYSICAL CONSTANTS 


219 


Nitrogen. — Can be readily obtained by absorbing the oxygen 
from* the air with phosphorus. In this case it contains about 
one-eightieth of its mass in argon and traces of helium, xenon, 
etc. 

Nitrogen Peroxide. — Obtained by mixing two volumes of dry 
nitric oxide and one of oxygen together. 

Nitric Oxide. — Obtained by the action of nitric acid on 
copper (3Cu + 8HNO* = 3Cu(N0 3 ) 2 + H 2 0 + N 2 0 2 ). The 
gas is colorless, but oxidizes with air to nitrogen peroxide, a 
reddish-brown gas. t 

(4AgNOu -f- CI2 = 4AgCl -f- 2N2O5 -J- O2) 

Oxygen. — Is given off wften manganese dioxide or potassium 
chlorate is heated, or, more safely, on ignition of a mixture of 
the two. Can also be made cheaply by electrolyzing dilute 
sulphuric-acid solution. Can be introduced into solution by 
hydrogen peroxide, sodium peroxide, fuming nitric acid, nitric 
acid, chloric acid, etc. The compressed gas is a common article 
of commerce. 

Phosphine. — See hydrogen phosphide. 

Sulphur Dioxide. — Formed by burning sulphur in air, or if 
wanted chemically pure, by the action of# concentrated boiling 
sulphuric acid on copper (Cu + 2H 2 SO* = CuS0 4 + 2H 2 0 + 
S0 2 ). 

Sulphur Trioxide. — This is most easily formed by roasting 
ferric sulphate. 

Principal Toxic Gases 

The following list, from an address of Prof. T. Gttareschi 
before the Associazonc Chim. Industr. on June 14, 1915, at 
Turin, represents practice at that tune. The list on p. 224 
gives the gases in use at the end of the War. 


Name 

Formula 1 

Sp gr. 

Ctftor 

Discovered 

Chlorine . 

Ch 

2 45 

Greenish 

Scheele 1774. 

Hydrochloric acid . 

HC1 

1 . 2(> 

yellow 

Colorless 

Priestley, 1772. 

Chlorine dioxide 

cio 2 

1 28 

Reddish 

H. Davy, 1815. 

Bromine . 

Br2 

5 % 

yellow 

Red 

Btlard, 1823. 

llydrobromic and 
Nitrogen dioxide . . . 

HBr 

n 2 o 2 

1 039 

Colorless 

Priestley, 1772. 

Nitrogen peroxide 

N 2 O 4 

2 5 

Red 

Dulong, Gay-Lus- 

Nitrosyl chloride. 

NOC1 

2 33 

Colorless 

Gay-Lussac, 1848. 

Carbonyl chloride 

COCla 

3 5 

Colorless 

J. Davy, 1812. 

Carbon monoxide 

CO 

0 9074 

Colorless 

Lasonne, Priestley 

Carbon dioxide 

CO 2 

1.524 

Colorless 

V. Helmont 

Hydrocyanic acid. 

HCN 

0 94 

Colorless 

(XVIlth). 

Scheele, 1782. 

Cyanogen ... 

(CNh 

CNC1 

1.808 

Colorless 

Gay-Liftsac, 1815. 

Cyanogen chloride 

2 12 

Colorless 

Bertliollet, 1789. 

Cyanogen bromide 

CNBr 

3 00 

Colorless 

Serullas, 1827. 

Ammonia . 

NIB 

0.59 

Colorless 

Priestley, 1775. 
Scheele, 1777. * 

Sulphuretcd hydrogen 

h 2 s 

1 18 

Colorless 

Sulphur dioxide. . 

SO 2 

2 247 


• 

Sulphur trioxide . „ . 

SOa 

2 74 

Colorless 

XVth century. 

Phosphine 

PHa 

4.178 

Colorless 

Gengembre, 1785. 

Arsine 

AsHa 

2.69 

Colorless 

Scheele, 1775. 
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Fluorine Gas and Gaseous Fluorine Compounds 
(A ll toxic) 


Name I Formula jsp. gr. Color Discoverer 


Fluorine 

Hydrofluoric acid. 
Boron fluoride. . . . 


Silicon fluoride 

Carbon fluoride 

Fluoform 

Methyl difluoride 

Methyl fluoride 

Phosphorus trifluoride. 
Phosphorus pentafluor- 

ide 

Phosphoric oxyfluoride 
Phosphorus dichlor- 

trifluoride 

Sulphur fluoride 

Selenium fluoride 

Nitrosyl fluoride 

Nitrile fluoride 

Thionyl fluoride 

Sulphur dioxydifluoride 

Ethyl fluoride 

Ethylene fluoride 

Propyl fluoride 

Isopropyl fluoride 

Isobutyl fluoride 

Allyl fluoride 

Acetyl fluoride 

Chromyl fluoride 

Tungsten fluoride 

Bromine pentafluoride 
Iodine pentafluoride. . . 


POFj 3.63 


«SOFi 3.0 

SOjF 2 3.55 
CaH.F 1.70 
C>H«F* . . . 

C 1 II 7 F 2 16 
C 1 H 7 F 2 6 
CiHbF 2 58 
CbHbF 2.07 
CHaCOF 2.16 

CrChFj 

WFa 

BrF 1 

IF. . ... 


Yellow 

Colorless 

Colorless 

Colorless 
Colorless 
Colorless 
v Colorless 
Colorless 
Colorltss 
ColorlesB 


Colorless 

Colorless 

Colorless 

Colorless 

Colorless 


Colorless 

Colorless 

Colorless 

Colorless 

Colorless 

Colorless 

Colorless 

Colorless 

Red 

Colorless 

Colorless 

Colorless 


Moissan, 1886. 
Soheele, 1782 
Gay-Lussao and 
Tnenard, 1809. 
Schecle, 1782. 
Moissan. 

Meslans. 

Dumas and Peligot. 
H. Davy. 

Thorpe. 


Poulenc. 

Moissan and Lebeau. 
Prideaux, 1906. 
Gore, 1869. 

Moissan and Lebeau, 
1905. 

Moissan andLebeau, 
1905. 

Moissan and Lebeau. 
Fremy. 

Chabrif. 

Meslans, 1894 
Meslans, 1894. 
Moissan. 

Meslans. 

Meslans. 

Olivieri, 1880. 
Roscoe. 

Lebeau, 1905. . 
Moissan, 1902. 


On the subject of toxic gases, the following abstract of a lec- 
ture for Prof. CJuarosehi before the Turin Academy of Science 
on the properties of soda-lime, will also be of interest. (The 
abstract is froir^ Chemical A butrqcts ) 


Slightly Toxic and the Rare Toxic Gases 


Oi 
Cl 
Ni 
Ni 
H; 

Hydrogen siffeide 
Fc 
M 
Cl 
H: 

Ci 

Tl 
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Many reactions which take place with NaOH or KOH or 
lime either not at all or only at high temperatures occur at 
the ordinary temperature, and sometimes violently when soda- 
lime is employed. Further ? soda-lime constitutes the most 
efficient agent to combat poisonous, irritating, or tear-produc- 
ing gases, since it readily absorbs Cl, Br, halogen hydrides, C0 2 , 
SO 2 , COCl 2 , (CN) 2 , HCN, cyanogen chloride, bromide and iodide, 

5 chloride, SOCl 2 , NOCl, N0 2 , AsH 3 , SbH*, H 2 S and H 2 Se, 
mercaptans, thiocyanic acid, indole, scatole, aldehydes, chloro- 
carbonic esters, aromatic chloro and brofno derivatives with 
the halogen in the side-ch^in, ethyl bromoacetate and chloro- 
acetoacetate, chloroacetone, bromoacetophenone, acetic anhy- 
dride, etc. The soda-lime acts far more energetically when 
recently prepared and stored in a hermetically sealed vessel. 
In view of its distinctive behavior it is probable that it contains 
a compound such as Ca(ONa) 2 , OH Ca-ONa, or OH Ca O Ca- 
ONa. One hundred grams of soda-lime in fine granules will 
absorb 1,500-2,250 cc. of COCl 2 if the latter is passed slowly 
through it, but samples prepared from marble exhibit a con- 
siderably lower absorptive capacity; when saturated with C0 2 , 
soda-lime, even when dry, is incapable* of arresting COCl 2 . 
The latter is absorbed well by aniline and other compounds, 
but soda-lime appears to be the only absorbent of practical 
value. H 2 S is readily absorbed by soda-lime, which Becomes 
black possibly owing to the formation of Fe sulphide. This reac- 
tion is attended with the development of a very considerable 
amount of heat, and when the current of gas is mixed with air 
the soda-lime becomes incandescent, while replacement of the 
air by O results in a violent explosion. This incandescence is 
observed only with freshly prepared soda-lime, which should 
consist of granules 1-3 mm. in diameter. One hundred grams 
of soda-lime absorb as much as 35 1. ol f H 2 S. Soda-lime also 
absorbs H 2 Se which produces rapid and intense irritation of 
the mucous membrane of the nose and is capable of paralyzing 
the sense of smell for some hours or even days. No investiga- 
tion has been made 011 the action of soda-lime on H 2 Te, which 
is, however only slightly poisonous. S0 2 is absorbed by soda- 
lime, rapidly at first and subsequent^ more slowly, 26 1. being 
taken up by 100 g. N0 2 is absorbed readily, but NO only 
slowly and to a limited extent. The mixture of HC1, NOCl, 
N0 2 C1 and Cl obtained from aqua regia is also rapidly absorbed, 
and the same is the case at first with (CN) 2 , of which more than 

6 1. are absorbed per 100 g.; the employnugit of soda-lime to 
retain the (CN) 2 emitted from blast furnaces is suggested. 
Cyanogen chloride, bromide, and iodide are likewise t absorbed. 
Soda-lime rapidly absorbs C0 2 and serves for the removal of 
the latter from CO, which at the ordinary temperature is 
absorbed but slightly or not at all. Like all pci*ous substances, 
soda-lime absorbs a little NH 3 , but forms no compound and 
allows it to escape; in presence of soda-lime, however, NH 8 
causes at the ordinary temperature reactions which otherwise 
occur only at high temperatures. PH» j>repared by passing H 
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into a flask containing 45-40 per cent. KOH solution and % few 
pieces of P, is spontaneously inflammable, but loses this prop- 
erty when passed through soda-lime; the latter also absorbs P 
vapor. AsH 3 and SbH 3 are absorbed by soda-lime*. The latter 
may, therefore, be used to purify the H obtained by the action 
of acid on Fe or Zn, but it will not remove PH 3 , which is detected 
by the green color of the flame. Soda-lime absorbs many of 
the impurities of coal-gas and takes away its fetid odor; similar 
purification and deodorization occur with C 2 H 2 , which is not 
absorbed by soda-4irne. Cr0 2 Cl 2 is rapidly absorbed, no 
acid vapor passing. SOCl 2 is immediately decomposed with 
development of much heat but rib incandescence, no trace 
being allowed to pass. Ethyl chloroform ate is absorbed with 
avidity, heat being developed; only faint alcoholic-ethereal 

odor passes: ClC0 2 Et + Ca<^ i — ► NaCl + EtOH + Ca- 

X NaOH 

CO*. Chloroacetone is absorbed with generation of heat and 
replacement of the irritant vapor by one with a pleasant odor: 

CHjCICOMe + Ca<C, | — OHCH 2 COMe + NaCl + CaO. 

x NaOH 

Otf-Bromoacetophenonc is absorbed. Ethyl bromoacetate is 
not fixed. Ethyl a-chloroacctoacetate is readily absorbed. 
Bromoacetvl bromide is immediately absorbed with liberation 
of heat. Benzyl bromide and chloride are absorbed. Chloro- 
benzene is not readily absorbed. Crude xylyl or xylylenc 
bromide, probably a mixture of w-bromo xylenes and o>, a>'-dibro- 
inoxylenes are readily absorbed. Acraldehyde is readily 
absorbed. Furfuraldehyde is rapidly absorbed with develop- 
ment of heat. CH 2 0 is absorbed. Thioformaldehyde is com- 
pletely and rapidly fiaed. Acll is* absorbed with development 
of heat. Pyrrole is absorbed but slightly or not at all. Indole 
and skatole are absorbed. S 2 CI 2 is immediately absorbed with 
heating. Ethyl mercaptan is rapidly absorbed with marked 
development of heat. Thiophene is fixed cither not at all or 
only in traces.# HCN is rapidly absorbed with moderate heat- 
ing. S0 3 is inefficiently fixed. Acetic anhydride is rapidly 
absorbed. Various esters undergo hydrolysis. Gases and 
vapors of putrefaction are absorbed. Products of incomplete 
combustion of paper, wood, etc., are rendered quite odorless. 

For use in warfare, according to Prof. Vivian B. Lewes 1 a gas 
should have at least twice the specific gravity of air, and should, 
for ease of transportation, be easily liquefiable. The principal 
substances which can be used in respirators to absorb the gases 
more commonly used in warfare are: Carbonate or bicarbonate 
of soda; sodium hyposulphite; potassium iodide; an alkaline 
iodide -used wijdi an alkaline carbonate; a mixture of alka- 
line carbqnates and thiosulphite; hyposulphite, carbonate and 
glycerin; . carbon. Sodium permanganate protects against 
arsine, neither soda-lime nor charcoal will. 

1 Engineering July 23, 1915, p. 89. 



Gas Tolerances and Lethal Amounts (Per Cent.) 
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Analyses of Poison Gases 

1. Allyl-iso-thiocyanate (allyl mustard oil) C 8 H 6 NCS (shell). 

2. Benzyl bromide, C fi H 6 CiH 2 Br (shell,) tear .gas. Brom- 
benzyl cyanide (shell), tear gas. 

3. Bromo-aceione, CH 2 Br-CO-CH 3 (hand grenades). 

4. Bromated methyl-ethyl-ketone (bromo-ketone), CH 2 Br- 
COC 2 H 6 or CHs-CO-CHBr-CHs (shell). Dibrome-ketone, 
CH 3 CO-CHBr-CH 2 Br (shell), tear gases. 

5. Bromine, Br 2 (Jiand grenades). 

6. Chloro-acetone, CH 2 Cl-CO CH 3 (hand grenades). 

7. Chlorine, Cl 2 (cloud). , 

8. Chloromcthyl-chloroformate (palite), ClCOOCH a Cl 
(shell). 

9. Nitro-trichloro-methane (cliloropicrin or nitrochloroform), 
CC1 8 N0 2 (shell). 

10. Chlorosulphonic acid, SOJIC1 (hand grenades and 
“ smoke pots”). 

11. Diehloro-diethylsulphide (mustard gas), (CH 2 C1CH 2 ) 2 S 
(shell), causes severe blisters of skin after some hours. 

12. Dimethyl sulphate, (CH 3 )2S0 4 (hand grenades), hydro- 
lyzes in lungs to methyl alcoholic sulphuric acid. 

13. Diphenyl-chloro-arsinc, (Or>H r ,) 2 AsCl (shell), sneeze gas. 

14. Dichlorom ethyl ether, (CH 2 01) 2 0 (shell). 

15. Methyl-chlorosulphonate, CH 3 C1S0 8 (hand grenades). 

16. Phony 1-carbylamine chloride, C 6 H r ,NCCl 2 (shell). 

17. Phosgene (carbonyl chloride), COCl 2 (cloud and shell). 

18. Sulphur trioxide, S0 3 (hand grenades and shell). 

19. Trichloromethyl-chloroformate (diphosgene, superpal- 
ite), ClCOOCCl 3 (shell). 

20. Xylyl bromide (tolyl bromide), CH 3 CJJ 4 CH 2 Br (shell), 

tear gas. t , 

Incendiary Bombs. — According to Professor Vivian B. Lewes 
the principal ingredient of incendiary bombs is thermit, ignited 
by means of amorphous phosphorus. The latter substance is 
also used by the Germans in a type of shrapnel used for marking 
the range of artillery. The heat of the explosion converts the 
amorphous phosphorus into wHite phosphorus, the combustion 
of which produces fumes of phosphorus pentoxide, which are 
visible night and day. Wounds produced by fragments of 
these shells are poisoned. 

FAILURE OF METALS UNDER REPEATED STRESSES 

Materials subjeffted to repeated stresses fail when a certain 
limit is exceeded, even when the stresses have never approached 
the elastic limit. Below this same limit they do not fail, no 
matter how often the stress be applied. This fact was first 
brought out by^ Wohler, and worked on by C. E. Stromeyer 
of* .Manchester, England, who called this point the fatigue 
limit. He gave the following mathematical expression to it. 
If FI be the fatigue limit; N th«, number of repetitions of the 
stress necessary to break the specimen; + S n the stress applied, » 
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the sign ± indicating that S n may be applied alternately as a 
tension or a compression, or an alternate twisting and bending; 
C a constant for the material under discussion; then: 


• 1 0 6 C* 4 

*“cs£=-* ) * or± «*- w + c 


His tables follow: 


Materials 

Torsion fatigue 

• 

Bending 

fatigue 

FI 


FI | C 

Tons per Bq. in. 

Tons per sq. in. 


12 60i 
11.37» 
ll.lOi 
10.701 
7.031 

9 69 
9.71 
11.04 
8.16, 

0.50 

0.70 

2.42 

0.68 

1.91 

1.26 

1.55 

1 11 

1 55 

14.08 

13.86 

13 82 

14 39 

4 70 
5.46 

5 71 

4 36 

Nineteen samples of chrome nickel steel. . . 

Cast steel 

Cast steel 

Mild steel plates, high results ... 

Mild Bteel plates, high results 

Mild steel plates, high results 

Mild steel plates, high results. 

Mean for above mild steels 

9 05 





7.56 

8.64 

2 40 
1.26 

13.30 

doubt 

5.40 

ful 

Mild steels, exceptional qualities 

Mild steel plates, low results 

Mild steel plates, low results 

Mild steel plates, low results. . ... 

Mild steel plates, low results. ... 

Mild steel plates, low results 

Mild steel plates, low results 

7.01 

7.09 

6.33 

6.94 

5.54 

5 90 

1.36 

1.26 

2.03 

1.69 

1.43 

1.58 

9 36 

8 94 

8 95 

8 15 

9 69 
7.42 

5 31 
4.70 
5.13 
5.61 
4.53 
5.17 

Mean # . 

6 \7 

1 . 56 

8 75 

5.09 

Mild steel rods 

Mild steel rods ... 

Pure nickel rods .... 

Farnley iron rods .... 

Copper rods as rolled .... ... 

Copper rods annealed 

Aluminum rods as rolled. . . * 

Cast iron (one sample ) 

6.83i 

5.971 

6 22i 
6.001 

5 501 

2 69i 

2 16i 

3 98 

1 60 
0.97 
1.83 
0.61 
0.41 
0.97 

0 1* 
1.61 



Phosphor bronze rods, as rolled . . 
Magmalium rods, as rolled 

Duralium rods, as rolled . 

Monel metal 

7.82i 

4.21i 

5.80i 

15.0 

0 77 

0 78 
nega- 
tive 

s* 




1 These fatigue limits were determined cal ori metrically. 

Since that time (1914), W. H. Moore of the University of 
Illinois, has greatly extended the work, and introduced the 
term “endurance limit’' instead of “fatigue limit. 4 ’ T^he 
U. S. Naval Laboratory has also done a great deal pf research 
on the subject, and some of their experimental results are 
. given in accompanying tables*. 
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Static Tests and Fatigue* Tests on Metals at Elevated 
Temperatures * 


Statio tension tests 

Fatigue teBts 



Ultimate 
tensile strength 

Elonga- 
tion 
in 2 in. 



Endurance 

limit 

Temper- 
ature, 
deg. F. 

Propor- 

tional 

clastic 

limit 1 

Ordi- 

nary 

test 

Pro- 
longed 
and re- 
tarded 
test 

Ordi- 

nary 

test, 

per 

cent. 

Reduc- 

tion 

of 

area, 

j>ercent. 

Temper- 
ature, 
deg F. 

(rotating- 
beam test 
1600 
r.p.m.), 
reversed 
flexure 
test, 
lb. per 


Lb. per sq. 

in. 




Bq. in. 


No. 2. Cyclops metal, annealed 


70 

400 

45 200 
45 600 

112 500 
102 &00 

101 000 

21 .0 

i 52 

48 

70 

500 

56 000 

52 000 

600 

42 800 

99 900 

99 600 

20 2 

43 

875 

46 000 

800 

41 400 

97 100 

97 700 

19 5 

38 

1200 

35 000 

1000 

39 000 

85 500 

82 000 

19 8 

44 

1300 

/ less than 

1200 

1250 

35 800 
26 200 

74 600 
65 400 

51 900 
46 300 

19 3 

1 18 5 

48 

49 


\ 30 000 


No. 10 0 49 Carbon steel, normalized 


70 

44 

700 

91 

500 



26 

5 

40 

70 

36 

000 

330 

42 

800 


. t 

93 

500 

l.f 

3 

40 

550 

39 

000 

400 

42 

000 

97 

000 



12 

.0 

32 

800 

44 

000 

600 

37 

500 

128 

000 

iio 

700 

13 

5 

20 

1150 

24 

000 

800 

31 

2<X) 

84 

900 

78 

800 

24 

0 

60 




875 

26 

400 



59 

000 

26 

0 

72 




1000 

23 

600 

’ 59 

700 

35 

200 

19 

0 

72 




1100 

17 

100 

57 

300 

24 

200 

27 

0 

78 




1230 

8 

200 

31 

000 

16 

400 

* 28 

3 

84 





No. 11 1 02 Carbon steel, treatment "A” 


70 

109 

000 

200 

400 



9 

3 

22 

70 

105 

000 

400 

105 

000 

1 W 

000 

188 

000 

8 

3 

47 

585 

86 

000 

600 

88 

500 

178 

500 

144 

000 

9 

8 

58 

800 

80 

000 

700 

,72 

000 

167 

300 

98 

000 

16 

El 

69 

900 

75 

000 


*74 

500 

154 

100 

89 

000 

13 

0 

72 

1050 

62 

000 


60 

000 

101 

000 

82 

400 

17 

0 

78 

1200 

( less than 

iooo 

44 

500 

81 

000 

53 

700 

17 

3 

77 


\ 30 

000 

IKK). 

32 

30Q 

69 

500 

39 

700 

21 

4 

78 





12 

600 

31 

400 

24 

200 

27. 

6 

78 




1250 

• 6 

000 

20 

100 

10 

000 

29 

5 

80 





1 Average of results from ordinary tests and prolonged and retarded tests. 
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No. 13. S. A. E. Steel 23<t0, treatment “C” 1 


70 

136 300 

164 900 


10.8 

58 

70 

76 000 

400 

119*000 

163 700 


9 0 

57 

460 

82 000 

600 

108 500, 

157 100 

148 500 

10.0 

50 

650 

69 000 







875 

68 000 

800 

81 300 

163 500 

97 200 

14 8 

76 

1150 

f less than 

900 

68 800 

117 000 

88 100 

17.2 

82 


\ 30 000 

1000 

39 800 

99 200 

60 100 

20.8 

81 



1100 

19 300 

52 900 

26 800 

21.3 

88 



1230 

7 800 

17 900 

14 100 

37.5 

93 

9 




No. 13 S A. E» Steel 2340, treatment “F/'i 


70 

103 700 

125 100 


14.8 

63 

70 

74 000 

400 

85 500 

110 500 

119 000 

11.8 

57 

460 

75 000 

600 

84 000 

113 900 

121 000 

14 5 

44 

650 

65 000 







875 

62 000 

800 

71 000 

113 000 

93 400 

is 6 

64 

1000 

55 000 

900 

56 000 

92 200 

70 300 

20 5 

75 



1000 

42 200 

80 700 

45 600 

21 2 

79 



1100 

23 700 

52 500 

32 200 

24.0 

86 



1200 

8 300 

37 400 

17 600 

26 8 

89 



1250 

4 500 

25 400 

13 900 

30 8 

“ 1 

1 



No. 100. Nickel, annealed 


70 

11 300 

68 700 


45 1 

72 

i 


400 

14 500 

69 100 

69 100 

35 5 

75 



600 

14 200 

68 900 

76 500 

35 0 

72 



800 

12 900 

67 800 

59 500 

41 0 

72 



1000 

11 700 

47 400 

40 100 

43 0 

78 



1100 

9 800 

43 noo 

28 400 

48 0 

78 



1200 

8 300 

38 400 

21 000 

42 5 

76 






* 


• 




No. Ill Monel metal, hot-rolled 


70 

49 600 

89 800 


MVI 

69 


400 

50 000 

83 500 

79 500 




600 

49 500 

80 400 

81 200 

BOil 



800 

49 500 

77 100 

77 200 

BkViI 


■ ■ 

1000 

44 300 

69 500 

53 300 

Mia 



1100 

40 000 

62 700 

49 000 




1200 

31 200 

53 600 

38 100 



-g. 

1250 

29 000 

49 600 

35 600 





1 S. A. E 2340 steel treatment C: Heat to 1525°F^ hold 30 min.; cool in 
furnace; reheat to 1 4 50° F ; hold 15 min ; quench m oil; reheat to 800°F. ; 
hold 30 min ; cool in air. Treatment E: Heat to 1525°F.; hold U0 min.; cool 
in furnaoe; reheat to 1450°F. ; hold 15 min.; quench in oil; reheat to 1200°F. ; 
hold 30 nun ; cool in air. 
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Tension Tests and Fatigu^ Tests op Non-ferrous Metals 1 



J Results of tension tests 

Endurance 
limit 
(rotating- 
beam), 
lb. per 
sq. in. 

Designation 

Propor- 

tional 

clastic 

limit 

Ultimate 

tensile 

strength 

Elonga- 
tion in 1 
2 in. 

Reduc- 
tion of 
area 


Lb. per sq. in. 

Per cent. 


Tests at U. S. Navy Engineering Experiment Station (Annapolis) 


Nickel, hot-rolled 

20 700 

60 100. 

53 0 

74 

25 500 

Nickel, annealed 

30 000 

70 200 

47.0 

69 

31 000 

Aluminum bronze . . 


71 900 

42 9 

66 

19 000 

Monel, cold-rolled fin- 






ish No. 13.. 


88 300 

28.9 

57 

29 000 

Monel, cold-rolled fin- 






ish No. 9 


97 400 

28 5 

72 

33 000 

Monel, hot-rolled. 

56 200 

90 200 

35 9 

70 

38 000 


Test at U. S. Air Service Laboratories (McCook Field, Dayton) 


Aluminum 

11 300 

22 600 

16 0 

65 

10 500 

Magnesium ... ... 

al 200 

32 500 

6.2 

4 

8 000 

Naval brass . 

33 400 

68 200 

27.0 

53 

22 000 

Electron metal 
Aluminum bronze; as 

6 300 

36 500 

17.5 

20 

17 000 

cast 

Aluminum bronze, 

5 100 

59 300 

20.0 

28 

23 000 

cast, heat treated . . 
Manganese bronze, 

24 900 

77 800 

14.0 

19 

27 000 

cast 

13 000 

70 000 

32.8 

41 

17 000 

Mg + 4 % A1 . . 

Mg + 4% Al. 

8 100 

35 200 

21.7 

28 

12 000 

+ *£%Mn.. 

13 500 

39 000 

15.5 

31 

15 000 

Mg + 6.5% Al . .. 

Mg + 6.5% Al 

12 000 

41 300 

16.0 

20 

13 000 

+ M % Mn 

1% 000 

44 40« 

13 8 

17 

15 000 

Mg + 10% Cu . ... 

14 200 

39 000 

3 0 

4 

12 000 

Duralumin, as rec’d . . 

25 000 

51 000 

16.0 

50 

14 000 

Duralumin, annealed. . 
Duralumin, heat 

6 800 

25 200 

25.0 

61 

10 000 

treated ... ... 

18 600 

51 200 

29.3 

48 

12 000 

Electron metal 

6 . 260 

16.970 

17 5 

20.5 

17 000 

Manganese bronzv. 

13 000 

43.190 

32 8 

40.8 

15 000 


Tests at University of Illinois 


Copper, annealed 

3 200 

32 400 

56 4 

72 

10 000 

Copper, cold drawn . . 

38 400 

56 200 

6.5 

52 

10 000 

Brass, annealed 

23 600 

66 000 

48 1 

40 

29 000 

Bronze, annealed 

12 800 

45 700 

66 9 

84 

28 000 

Bronze, cold drawn. . f. 

59 900 

85 100 

11.7 

67 

27 000 

Brass, annealed . . . ? 

15 600 

54 200 

56.0 

61 

22 000 

Brass, cold db'awn . . 

43 200 

96 700 

12.8 

52 

26 000 

Nickel, annealed 

Monel, hot rolled, as 
rec’d (p. E.) . . . t . . 

11 300 

69 900 

45.1 

72 

28 000 

49 600 

89 800 

40.4 

69 

32 000 

Mqpel, as rec’d (A*C) 

« 

50 700 

89 600 

35.6 

68 

32 000 


1 Courtesy of The Engineering Foundation , Bull., “Investigation of the 
Fatigue of Metals.” * 
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The tables give valuable data as to the strengths of materials 
at high temperatures. Metals which at ordinary room tem- 
peratures ai;e crystalline and, within certain limits, elastic, 
begin to exhibit, at high temperatures, some of the properties 
of plastic, amorphous materials. The values given under 
“Tensile strength, prolonged and retarded test,” pp. 226-228, 
show these plastic properties, and give distinct warning that 
we must use much higher factors of safety at high temperatures 
if we are using ordinary ultimate tensile strength tests. 

That the stresses are alternately plus an& minus, and reverse 
the creep due to plasticity, is doubtless the reason that the 
fatigue limit at high temperatures often exceeds the ultimate 
tensile under prolonged and retarded test. 

In reference to general points in connection with the subject, 
it may be noted cold drawing and rolling increase the fatigue 
limit of most non-ferrous metals, just as they do the propor- 
tional elastic limit and the ultimate tensile strength. The 
ratio of fatigue limit to ultimate tensile (“endurance ratio”) 
is not changed. Repeated stressing below the fatigue limit is 
equivalent to cold working. The general effect of cold-work- 
ing in raising the fatigue limit and ultimate tensile gives a 
scientific reason for running engines, automobiles, etc. lightly 
for the first part of their lives. 

For most wrought ferrous metals it was found that by measur- 
ing the rise of temperature under reversed flexure, and plotting 
rise of temperature against unit stresses, the “break” of the 
resulting diagram locates the endurance limit fairly well. For 
non-ferrous metals this “ rise-of-temperature ” method is not 
accurate. 

Cracks, nicks and grooves, shoulders with short-radius 
fillets and poor surface finish, greatly lower the fatigue limit. 
Stresses above the fatigue limit, when i?ot themselves applied 
often enough to destroy the member, appear to reduce the 
limit. 

Corrosion also greatly reduces the fatigue limit both because 
of actual pitting and because of occluded hydrogen. 

Drawing Zinc. 1 — Due to the? low annealing temperature of 
high-grade zinc, which makes it practically self-annealing at 
room temperature, it is unnecessary to anneal products drawn 
from this grade of strip between successive drawing operations. 
It has been found desirable to maintain the stock and dies for 
these operations at a fairly warm room temperature, 80° to 
85°F. A serious drop in ductility may be encountered if the 
metal is drawn or formed at temperatures below 60°F. Actual 
annealing of the stiffer cold-worked grades of rolled line occurs 
at temperatures in the neighborhood of 212°F. and usually 
results in a grain coarsening with corresponding detrimental 
changes in important physical properties. ^ 

In the deep drawing of zinc the metal is formed during the 
successive steps into the desired shape without a reduction 
in the thickness of the stock rft any time. The following direc- 

1 C. S. Tkewin, Trans. A.I.M.E., 1927. 
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tions have been found useful in determining the design of 
successive drawing operations: 

1. Compute the total area of the finished cup and add to this 
sufficient area to allow a trim of 24 in. on the finished cup. 

2. Calculate the diameter of the circle of a blank having the 
above area. 

3. The reduction in diameter 1 from the blank to the first 
cup should not exceed 40 per cent, of the diameter of the blank. 

4. The reduction in diameter 1 of succeeding cups should not 
exceed 20 per cent. <5f the preceding cup. 

5. Die clearances should be twice the thickness of the stock 
plus 0.001 or 0.0015 in. Filets should be generous. 

6. Soapy water is a very satisfactory lubricant. 

When machining is necessary, particularly with the purer 
grades of zinc, an excessively long chip is encountered. This 
has been successfully overcome by the use of tools with a greater 
rake than is normally used. 

Single ciystals of metal may be prepared (a) by annealing at 
a rather high temperature to promote grain growth; often a 
slight straining before the annealing facilitates this growth; 
( b ) by drawing polycrystalline wires at a determined speed 
through a sharp temperature gradient, as in the preparation 
of single crystals of tungsten; (c) by starting solidification of a 
metal in a capillary tube and gradually increasing the size of 
the tube; ( d ) by drawing the molten metal through a sharp 
temperature gradient which freezes the metal quickly. This is 
produced by a stream of non-corrosive gas directed against the 
metal. The speed of the drawing must be practically constant. 
(Orlando E. Romig, Trans. A. I. M. E ., 1927.) 

Effect of Cold-working on Hardness. — The belief is general 
that cold-rolling increases the hardness of the metal rolled. 
According to H. 8. 1?awdon and'W. H. Mtjtciiler {Trans. 
A. I. M. E.j February meeting, 1924) this effect is produced 
only in the early stages of rolling, then a maximum hardness 
is reached and a reversal occurs, the specimen becoming softer 
as the cold working is continued. If cracking or splitting 
occurs, it will* take place during the stages of deformation 
represented by the descending branch of the curve, and usually 
near the minimum, that is, at the time of greatest hardness. 

General Rules for Test Specimens. — When possible test 
specimens for forgings shall be taken from full-size prolongations 
which have received the same mechanical and heat treatments 



Fig. 1. 


as the foldings. Test specimens from castings shall be taken 
from coupons attached to the casting, if possible, otherwise 
test-specimens shall be cast separately. Test-specimens must 
1 A flange must be included in the diameter. 





PHYSICAL CONSTANTS 


231 


not be hammered, annealed or heat treated iftiless the same 
treatment is given the metal that they represent. 

The faces of the test specimens must be plane and parallel. 

The base of the notch must be of uniform depth and perpen- 
dicular to the longest axis of the specimen. 

The notch shall be drilled and slotted in test specimens which 
have not been heat treated. 



Fia. 2. 


In heat-treated test specimens, the notch may be milled or 
ground. 

Test specimens prepared as shown in Fig. 4 shall be used for 
sheet H in. (5.08 mm.) (No. 6 U. S. standard gage) and more 
in thickness. For sheets less than in. (5.08 mm.) in thick- 
ness, W and d shall be Yi in. (12.70 mm.); h shall be in. 
(38.10 mm.), and Wh shall be 1 in. (25.^0 mm.). The per- 


s? mm (0078) 




5 mm (0797% 




'/mm (0.03m 


c * 'length Dependent 
Upon Type of Test- 
ing Machine 

Fig. 3. 




70mm. 

(0.399V 


/Omni. 

(0333V 


centage of elongation may be determined on either 2 or 4 in. 
(50.80 or 101.60 mm.). Soft materials of light gage may be 
gripped in the jaws of the testing machine, in which case drilling 
shall be omitted. 

The specimens may be reduced in width by got more than 
0.003 in. (0.08 mm.) over the center half of the gage length. 
Specimens must be the full thickness of the material. 


T~ 

%'7t 


- 4 - 






T 

Thickness of Stock' 
Fig. 4. 


^ The distance X shall cofiform to the values called for in 
‘individual specifications. 
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Dimensions of Tensile Test Specimens * 


Diameter of bars 

Cross- 
section 
over gage 
length 

Dimensions 

a 

b 

Di- 

ameter 

over 

gage 

length 

c 

Gage 

length 

d 


Square 

« 





inches 

Inches 

Inches 

Inches 

Inches 

Over % in 

0 20 

Not over 1 

0 505 

2.00 

2.25 

H to H in 

0.10 

Not over 1 

0 358 

1.42 

1.75 

H to H in 

0.05 

Not over 1 

0 252 

1.01 

1.25 

to % in 

0 02 

Not over 1 

0.159 

.64 

1.00 


Square 






milli- 

Millimeters 

Milli- 

Milli- 

Milli- 


meters 


meters 

meters 

meters 

Over 15.88 mm 

129.0 

Not over 25 4 

12.83 

50.80 

57.15 

12 70 to 15.88 mm 

64.5 

N ot over 25 4 

9.09 

36.07 

44 45 

9.53 to 12.70 mm 

32.3 

Not over 25 4 

6 40 

25.65 

31.75 

6 35 to 9.53 mm . ... 

• 12 9 

Not over 25 4 

4.04 

16.26 

25.40 


Test specimens may be tapered inside the gago length (c) toward the 
center to an amount not to exceed 0.003 m (0 08 mm.). The diameter at 
the center (6) Bhall conform to the dimensions specified in the above table. 

The ends of test specimens may be either threaded or unthreaded (Fig. 1) 
or propared as shown in Fig. 4. 


Bend Test for Sheets. — This test comprises two distinct 
operations: first, the test strip is placed in the testing machine 
in position AB (Fig. 5a) on a block having a V-shaped groove. 



Fig. 


The knife edge is placed as shown and pressure is applied until 
the test specimen assumes the shape A' MB'. The block is 
then relieved and the bending completed as indicated in Fig. 
56 with or without the interposition of a spacer. The specimen 
must stand this test without breaking and must not show hair 
liges, cracks, oipother defects. 
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Some Properties of the Metals - 

Brittleness or Toughness (Marten’s Formula). — Toughness 
of test length* = 

ultimate strength per cent, elongat i on in teBt leng th, 
yield point 100 

The metals then range in this order: 

Pb, Pt, Fe, Al, Ni, Zn, Sn, Cu, Au, Ag. 


Ductility. — W, Au, Ag, IJt ? Fe, Ni, Cu, Al, Zn, Sn, Sb. 

By some authorities aluminum is placed fourth; it has been 
drawn so fine that 11,400 yd. weigh only 1 oz. One ounce of 
tungsten at 0.0005 inch diam. equals 12,490 yd. (Fink). 
Tenacity. — Steel, Ni, Fe. Cu, Al, Au, Zn, Sn, Pb. 
Malleability. — Au, Ag, Al, Cu, Sn. Pt, Pb, Zn, Fe, Ni. 

The thinest metal leaf commercially attainable in 1914 was: 
Au, 0.000008 cm.; Al, 0.000020; Ag, 0.000021; Pt, 0.000025; 
Cu, 0.000034; Dutch metal, 0.00007 (Kaye and Laby). Elec- 
trolytic zinc (by the Tain ton process) is said to have been 
beaten into sheets 0.000063 in. thick. * 

Plasticity (Marten’s Formulae). — Plasticity = X 

1000. Me c pom. 

Marten’s Classification. — Fe, Pt, Ni, Al, Zn, Cu, Ag, Au, 
Pb, Sn. 

Kurnakoff-Schemtschuschny: K, Na, Pb, Tl, Sn, Bi, Cd, 
Zn, Sb. 

Bulk Modulus. — If the volume of a body be altered without 
changing its shape, the stress divided by the strain is known as 

the bulk modulus: k = — • * * 

A v 


Coefficient of Rigidity, Modulus of Elasticity. — If a body 
be changed in shape without changing its volume the modulus 
of elasticity is the ratio of the stress to the strain which produces 


it. If P = kg of stress applied, K — the sectional area, l the 
length measured and X the elongation in that length, then the 
P X PI 

modulus of elasticity E = ^ -s- ^ 


Young’s Modulus. — The number representing the pressure 
or tension on a bar in dynes per square centimeter divided by the 
compression or elongation so produced per centimeter of length. 

Proportional Limit. — Stress at which tl'te deformation (or 
deflection) ceases to be proportional to the load (the value is 
read from plotted tests). # 

Elastic Limit. — In tensile and compressive tests, the stress 
at which the initial permanent elongation, ^>r shortening, of 
the gage length occurs. For practical purposes this may* be 
regarded as eqqal to the proportional limit. 

Yield Point. — Stress at which marked increase in deformation 


occurs without increase in load. 
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Elastic Constants of Solids 
(Pounds per Square Inch) 


Bulk modulus 


Coefficient of 
rigidity 


Young’s 

modulus 


Aluminum. . . . 

10 

8 

X 

10° 

3 

82 

X 

10 8 

10 

.2 

X 

10 8 

Bismuth, cast. 

4 

55 

X 

10 8 

1 

.74 

X 

10 8 

4 

.63 

X 

10 8 

Brass 

14 

.5 

X 

10 8 

5 

.36 

X 

10 8 

15 

1 

X 

10 8 

Bronze 

• 9 

52 

X 

10 8 

4 

30 

X 

10 8 

8 

08 

X 

10 8 

Cadmium 

5 

98 

X 

10 6 

2 

.78 

X 

10 fi 

7 

.24 

X 

10 8 

Constantan . . . 

22 

2 

X 

10 6 

•8 

.86 

X 

10 8 

23 

6 

X 

10 8 

Copper 

19 

.0 

X 

10« 

6 

60 

X 

10 8 

17 

8 

X 

10 8 

Duralumin 





3 

84 

X 

10 8 

10 

.1 

X 

10 8 

Electron metal. . . 





2 

.16 

X 

10 8 

6 

.13 

X 

10 8 

German silver. . . 





6 

.53 

X 

10 8 

16 

8 

X 

10 8 

Glass 

5 

8 

X 

id 6 

3 

48 

X 

10 8 

8 

7 

X 

10 8 

Gold 

24 

1 

X 

10 B 

4 

06 

X 

10 8 

11 

.6 

X 

10 8 

Iron (cast)... 





12 

0 

X 

10 8 

15 

.0 

X 

10 8 

Iron (wrought) 

21 

2 

X 

10« 

11 

2 

X 

10 8 

28 

5 

X 

10 8 

Lead 

.7 

25 

X 

10 8 

0 

.83 

X 

10 8 

0 

70 

X 

10 8 

Lead (hard). . 









2 

.35 

X 

10 8 

Magnesium 

6 

1 

X 

id 6 

2 

46 

X 

id 8 





Manganese bronze 





4 

6 

X 

10 8 

14 

.2 

X 

10 8 

Manganin 

17 

5 

X 

l o' b 

6 

75 

X 

10 8 

18 

0 

X 

10 8 

Monel metal. . 





9. 

0 

X 

10 8 

25 

0 

X 

10 8 

Nickel 

25 

6 

X 

io° 

U 

2 

X 

10 8 

29. 

3 

X 

10 8 

Palladium 

25 

6 

X 

10 8 

5 

85 

X 

10 fl 

16 

4 

X 

10 8 

Phosphor bronze 

17 

4 

X 

10° 

6. 

32 

X 

10 8 

17. 

4 

X 

10 8 

Platinum . . . 

35 

8 

X 

10 8 

8. 

75 

X 

10 8 

24 

4 

X 

10 8 

Quartz 





0. 

19 

X 

10 8 

9. 

4 

X 

10 8 

Rhodium 

40s 

5 ’ 

X 

id 6 

« 








Silver 

15 

8 

X 

10 6 

4. 

15 

X 

10 8 

11. 

5 

X 

10 8 

Steel . 

26 

7 

X 

10 8 

28. 

0 

X 

10 8 

31. 

9 

X 

10 8 

Tantalum . 

27 

0 

X 

10 8 





13. 

2 

X 

10 8 

Tin 

7 

66 

X 

10 6 

2. 

94 

X 

10 8 

7. 

87 

X 

10 8 

Tungsten . . ^ 









61. 

2 

X 

10 8 

Wood oak. . . 





0.97 - 

- 2 

’ 28 











x : 

10 s 






walnut 





0 

31 

X 

10 8 





Zinc 

13 

05 

X 

io b 

5. 

5 

X 

10 8 

12. 

6 

X 

10 8 


Compressibility of Metals 
(# er Kg per Square Centimeter) 


Cu. . . . 
Fe. # ... 

Ga (liquid) 
. (solid ) # 

H*-. 

Mg 

Mo ... . 

Ta 

W 


.0.76 X 10“ 6 
.0.61 X 10“ 8 
3.97 X 10“ 8 

2.09 X 10" 8 
.3.96 X 10- 8 

2.9 X 10~ 8 
.0.47 X 10- 6 
.0,54 X 10“ 6 
.0.28 X 10“» 
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Strength of Materials at Ordinary Temperatures 

(Pounds per Square Inch) 


. 

Proportional limit 

Ultimate tensile 

Rrinnell, 
500 kg. 

Aluminum, cast 

8,500 to 10,000 

12,000 to 14,000 

25 26 

Aluminum, hard sheet . . 

20,000 

30,000 


Aluminum, hard bars . . 

22,000 

33,000 


Aluminum, wire. 

30,000 

40,000 


Antimony, cast 

Beryllium (electro.). 


1,000 

140 

Bismuth, cast 


3,000 


Brass, 90 Cu, cast 


•29,000 


Hard rolled 


55,000 

60 

Brass, 80 Cu, cast. . . 

• 

35,000 


Hard rolled 


75,000 

75 

Brass, 70 Cu, cast. 


40,000 

37 

Bronze, 90 Cu . 

10,300 

33,000 


80 Cu 

10,100 

32,000 


70 Cu. . 

2.000 

7,000 


Calcium 


10,240 

42 5 

Cobalt, cast .... 

27,800 

32,900 

121 

Copper, electro, cast . 
Casting, cast. 

24.000 

25.000 

80 

10,000 

Hard drawn . 

60,000 


Soft drawn . . . . 


31,200 


German silver 


66,000 


Gold, cast, 24 k. 


25,000 


Hard drawn. . . 


37,000 


Annealed 


24,000 


90 Au, 10 Cu 


65,100 

73 

Hard rubber 

. 

7,000 


Iron, electrolytic 

48,500 

55,000 

95 

Gray cast 


25,000 t > 38,000 

100 to 150 

Malleable .... 

20,000 to 45,000 

35.000 to 57,000 


Wrought 

28,000 to 32,000 

48,000 to 50,000 

100 to 145 

Lead, antimomal 

4,000 

6,000 

17 5 

Desilverized, east. 


1,780 


Desilv , rolled. . 


2,400 to 3,100 


Magnesium.. 


30.000 


Molybdenum 


260,0001 

147 

Nickel (99.95%) 

IF, 900 

45,000 


(98 5%) east. . . 

23,800 

38,000 


Hard rolled . 

92,000 

350 

Hard drawn . 


155,0001 


Palladium 


39,000 


Platinum, cast 


45,000 

35 

Hard drawn. 


53,000 

90 

Quartz, annealed 

Fused . 

! 

32,000 

7,000 


Silver (1,000 fine) 


40,000 


75 Ag, 25 Cu 


109,500 


Steel, high tensile 


450,0001 


0.05 to Oil 5C 

40,000 to 60,000 (a) 



0.15 to 0.25C. 

40,000 to 75,000 (o) 



0.20 to 0.30C 

41,000 to 60,000 (6) 

75,000 to 90,000 ( 6 ) 


0.30 to 0.40C 

50,000 to 75,000 (5) 

82,000 to 105,000 (6) 


0 40 to 0 50C . . 

60,000 to 90,000 (6) 

95,000 to 125,000(6) 
80,000 


Cast, hard 

36,000 


Cast, soft . 

27,000 

60,000 


Tantalum 

130,000 

45.9 

Tellurium 


8,500 


Tungsten 


215,000 

290 

Tin, cast . . . 

1,600 

44XX) 

10JX)0 

. 

Hard drawn. 


• 

Zinc, cast ... 


4,000 to 12,000 

42 to 48 

Rolled. ... « 

5,800 

36,000 



(а) Cold rolled. 

(б) Hot drawn. 

1 Small wire — 0 065 in. or less 
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Tensile Strength op Boiler Plate at Elevated 
Temperatures 


Temp. deg. F. 

Proport limit, 
lb. per sq. in. 

Max. tensile, 
lb. per sq. m. 

Per cent, 
elongation 

Per cent, 
reduction 
of area 

Vi in. Firebox Plate: C, 0.19; Mn, 0.43; P, 

0.020; S, 0.031 per cent. 

70 

« 

23,300 

59,000 

37.75 

57 1 

196 

23,630 

55,530 * 

34 7 

58.3 

313 

26,600 

58,10Q 

24.9 

49.3 

469 

24,900 

65,130 

19.8 

45.1 

563 

15,250 

66,700 

25 7 

45 6 

765 

12,960 

49,150 

33 75 

60 7 

871 

11,430 

41,850 

39.2 

67 7 


Vi in. Marine Boiler plate: C, 0.2/5 1 Mn, 0.38; P, 0 19; S, 0.31 per cent. 


■ 

70 

31,200 

66,700 

38 

3 

64.0 

199 

31,766 

63,106 

35 

25 

63.9 

313 

31,450 

67,200 

26 

.65 

58.4 

466 

27,233 

71,633 

19 

6 

45.5 

559 

22,450 

72,500 

21 

25 

48.2 

759 

15,933 

62,833 

33 

75 

67 1 

869 

12,500 

55,566 

35 

25 

70 7 


Each value is average of three determinations 


Tensile Strengths at High Temperatures 


# (Pounds per Sq Iji., Slow Loading) 



400° 

000° 

1 

800° 

l 

900* 

Aluminum 

16,000 

100,000 

79,500 

107,000 

3,000 

96.000 
81,200 

83.000 



Molybdenum 

Monel Metal M . . 

Nickel V . . 

' 77,100 
13,000 

47,300 ' 
8,500 
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Tensile Strengths at Low Temperatures 1 


In kg. per eq. cm. 



At -252.6°C. 

— 162°C. 

+ 17°C. 

Aluminum 

4,790 

5,370 

2,900 

Copper 

6,510 

4,880 

3,580 

Gold. 


13,400 

9,860 

Iron 

21,700 

19,700 

14,700 

Lead .... 

813 

581 

251 

Nickel . . 

11,000 

10*900 

9,350 

Platinum.... 

8,600 

7,250 

5,080 

Silver ... 

6,400 

• 

5,390 

i 

2,780 


H. O. Hofman, “General Metallurgy ” 

1 F. A. and C L. Lindemann, Nernst’s Festschrift, 1912, p. 264. 


Tensile Strength of Metals, Showing Effect of Drawing 
and Rolling 1 



Lb. per sq. in. 

Cast 

Thin sheet 
metal 

Wire 

German silver 

Bronze 

Brass 

23,714-4C,450 

35,960 

75,816-87,129 l 
73,380-92,086 
44,398-58,188 
30,470-48,450 
44,331-59,484 
39,838-57,350 
49,253-78,251 
100,000-610,000 

81,735-92,224 

78,049- 

81.114-98,578 

37,607-62,190 

59,246-97,908 

Copper 

Iron (lengthwise! 

Iron (crosswise) 

24,781 

Steel (lengthwise) 

T iingst.cn 


103,272-318,823 





1 Rearranged from tests quoted m Kent's “Mechanical Engineers' 
Pocket Book." 


Coefficients of Linear Expansion per Degree Centigrade 1 


— , 

0°-100° 

- 190°-0° 

Aluminum 

Antimony 

0.0000233 

0.0000168 

0 . 0000089* 

0.000017 

0.0000157 

0.000019 

0.0000055 

0.0000185 

0.000031 

0 . 000(/l43 
0.0000123 
0.0000179 
0.0000054 

0 . OOOOOH5 
0.0000145 

0.000183 

Antimony (normal to axis) .• . . 

Arsenic 


Bismuth 

0.000013 

Brass 

Brick 


Bronze 


Cadmium 

0.0000446 

Cement 

Cobalt 


Copper 

0.0000141 

Gas-carbon 

Glass 

• 

Gold 

o.o6ooi32 



1 The coefficient 6f cubic expansion 1 b 3 times the coefficient of linear 
.expansion. 
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Coefficient of Linear Expansion per Degree Centigrade 



0°-100° 

— 190°— 0° 

Glucinum ... 

12.0 

7.0 

Graphite (artificial) ... 

0.0000025 


Indium, . . . 

0 . 0000459 


Invar (63.8 per cent. Fe, 36.2 per cent. Ni) 

0.00000044 


Iridium. 

0 0000067 

0.0000057 

Iron (cast) . . 

0.0000122 

0.0000091 

Iron (wrought) $ 

0 0000119 


Lead 

0.0000295 

0.0000271 

Magnesium . . . . 

. 0 0000276 

0 0000214 

Marble. . 

0.000007 


Mercury (solid) .... .... 

0 000181 


Molybdenum ... 

0 000005151 


Monel metal . . . 

0.000014 


Nickel... 

0.0000132 

0 0000101 

Osmium. ... 

0.0000068 


Palladium ... 

0.0000119 

0.0000120 

Platinum. ... 

0 0000088 

0.0000088 

Potassium. ... 

0.000083 


Rhodium 

0.0000086 


Ruthenium . . . . 

0 0000099 


Selenium (40°). 

0.000037 


Silver • 

0.0000195 


Sodium 

0 000072 


Steel ... . .... 

0.000011 


Steel (hardened) 

0.0000136 


Tantalum. . ... 

0. 0000079 


Tungsten . 

0.0000044 


Tellurium . . 

0.000017 


Thallium ... 

0 000031 


Tin 

0 0000227 

0 0000226 

Zinc ... 

0 0000354 

0.0000295 

Aluminum bronze 

0 000017 


Brass (Cu 66, Zn 34) 

0 0000189 


Bronze (Gu 32, Zn 2, Sn 51 

0 0000177 


Constantan (Cu 60, Ni 40) 

0 000017 


German silver (Cu 60. Ni 15, Zn 25) . . , 

0 0000184 


Magnalium (A1 86, Mg 13* 

0 000024 


Phosphor bronze (Cu 97 6, 2Sn, P 0 2) . 

0 0000168 


Platinum-iridium (Ir 10 per cent ) 

0 0000087 


Solder (Pb 2- Sn 1) 

0 000025 


Speculum metal (Cu 68, Sn 32) 

0. 0000193 


Cement and concrete 

0 000010-14 


Glass, soft 68SiO» 14Na 2 0, 7CaO. , 

0 0000085 


Glass, flint 45Si&, 8K z O, 46PbO 

0 0000078 


Granite . . . 

0 0000083 


Ice (-10° to 0°) 

0 0000507 


Masonry 

0 000004-7 


Rubber, hard 

0 00004278 


Silica, fused ( — 80° to 0°) 

0 00000022 


( 0° to 30°) . . . 

0 00000042 


(0° to 1000°) 

0 00000054 


Sandstone . < 

0 000007-12 


Slate * 

0 000006-10 
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Cubic Expansion of Gases, per Degree Centigrade 1 

A . — 



Constant 

volume 

Constant 

pressure 

Air. 

0 . 0036650 

0.003676 

Carbon monoxide 

0.0036667 

0.0036688 

Carbon dioxide. . . 

0.003688 

0.00371 

Cyanogen 

0.003829 

0.003877 

Hydrogen 

0.0036678 

0.0036613 

Nitrogen 

0.0036682 

0.003670 

Oxygen . . * . 

0.0036741 

0.00486 

Nitrous oxide. 

0 . 003676 

0.0037195 

Ammonia 


0.003854 

Sulphur dioxide 

0.0038453 

0.0039028 

Argon .... ... 

0.003668 


Helium . . 

0 . 0036627 



1 From “ Annuaire pour 1914, Bureau des Longitudes,” witk a few values 
from other sources. 


Cubic Expansion of Liquids 


Mercury (0° - 100°C.) 0.0001818 

Water see p. 174 

Burning oils of sp. gr. 0.795-0.825 0 00072 

Benzine 0.00081 

Light lubricating oil 0 . 00068 

Heavy lubricating oil 0.00063 

Sodium (liquid) 0.000226 


Hardness 

“The customary hardness test at the present time is that of 
Brinnell, which consists in making on a flat surface of the 
material an indentation by means of a small steel ball applied 
under known pressure. According to Rosenhain perhaps the 
best definition of hardness is “the power of resisting local dis- 
placement of portions of its surface. ” But it is at once evident 
that this power is by no means a simple and definite property of 
the material which will reproduce itself in all circumstances. 
Thus the displacement of a portion of the substance of a material 
may occur by plastic flow — the material may be indented at 
one point while its level is raised at other points; in other cir- 
cumstances or in other materials the displacement may occur 
by direct fracture, as in the scratching of a brittle material. 
Either of these forms of local displacement may be brought 
about by the application of a steadily increasing force or by a 
rapidly applied force, i.e., by a shock or blow, it is by ncr mea^is 
certain that the power of resisting all these various forms of 
displacement will be identical or even proportional, so that the 
material which displays the ^highest scratch hardness is not 
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necessarily the hardest unde? an indentation test. Where hard- 
ness is referred to, therefore, the manner of measuring it should 
always be specified. 


Scale op Hardness (Mohs) 


Agate 

7.0 

Gypsum 

2.0 1 

Alabaster 

1.7 

Heavy spar. . . . 

3.3 

Alum 

2 . 0-2 . 5 

Hornblende 

5.5 

Amber f . 

2. 0-2. 5 

Iridium 

6.0 

Andalusite 

7.5 

Jasper 

7.0 

Anthracite 

2.2 

* Kaolin 

1.0 

Antimony. . 

3.3 

Lead 

1.5 

Apatite 

5.0i 

Meerschaum 

2. 0-3.0 

Aragonite . . . 

3 . 5 

Mica 

2. 5-3.0 

Arsenic 

3.5 

Nickel 

5. 0-5. 5 

Asphn.lt . 

1 . 0-2.0 

Onyx 

7.0 

Augite 

6.0 

Opal 

4. 0-6.0 

Beryl 

7.8 

Palladium 

4.8 

Bismuth 

2.5 

Platinum 

4.3 

Calamine » . . 

5.0 

Quartz 

j 7.0i 

Calcite 

3.0 1 

Ruby 

1 9.0 

Copper 

2. 5-3.0 

Saltpeter 

2.0 

Copperas 

2.0 

Sapphire 

9.0» 

Copper sulphate . 

2.5 

Serpentine 

3. 0-4.0 

Corundum 

9.0 

Silver 

2. 5-3.0 

Diamond 

10.01 

Spinel 

8.0 

Dolomite 

3. 5-4.0 

Stibnite 

2.0 

Emery 

9.0 

Sulphur 

1.5-2. 5 

Feldspar 

6.0i 

Talc 

1.0 

Fluorite 

4.0 1 

Topaz 

8.0i 

Gold .< . . 

2. 5-3.0 

Tin 

2. 0-3.0 

Granite 

7.0 

Zinc 

4.0 

Graphite 

0. 5-1.0 

Zirconium 

7.8 




' l The materials marked Uiuh C 1 ) are the standards on this scale The hard- 
ness is determined by scratching an unknown with these standards. One 
can scarcely determine within half a point what the hardness is. The finger 
nail may be assumed at about 2.5, and a knife blade at 0.5. 

“Among the various methods which have been proposed 
for the measurement of hardness, it seems probable that the 
Brinnell ball-test, measuring indentation hardness, is prob- 
ably that one whjph most nearly approaches our fundamental 
ideal of constituting a measure of a single definite property. In 
this case Idle test probably measures a group of properties of a 
fairly simple type. That this is the case may be inferred from 
the fact that tests with balls of different diameter can be ren- 
dered fairly confparable.” 

Hardness = t load in kg. — X ■ y / radius of balL 

area of concavity of indentation 
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Th$ Brinnell hardness number is nearly proportional to the 
ultimate stress determined by tensile tests. On the other 
hand, ball-hardness number is not a safe guide as to the power 
to resist abrasion. 1 A better test for resistance to wear is 
probably that of the Derihon machine, in which the edge of a 
hard steel disc revolving in oil is pressed against the test speci- 
men. 2 Some comparative Brinnell numbers are given on 
p. 235. 


Bottone’s Scale of Hardness 1 


Diamond. . . 
Manganese. 
Cobalt.. . 
Nickel. . . 
Iron 


3010 

1456 

1450 

1410 

1375 


1360 

1200 

1107 

1077 

900 


984 

979 

821 

760 

720 

Tin mmm 

Palladium. . . 
Platinum.. . . 

finlrl 


Aluminum.... 
Cadmium. . . 
Magnesium . 

Thallium.. . . 
Calcium 

p||vpr 

Sodium 


Potassium,. . 







651 

570 

565 

405 

400 

230 


1 Am. Jour. Set., 1874, Yol. 150, p G44. 


Latent Heat of Evaporation i 



51.0 

Mercury 

68.0 

Aluminum 

2227.0 

Magnesium .... 

1700 

Arsenic (sublimation) 

60.0 

Nitric anhydride t,N 2 0&) . . . 

44.81 


359.0 


100.6 


121.0 

Nitric acid 

115.08 


120.7 

Oxygen 

50.9 


208 92 


287.0 


263 . 86 


592.0 


341.0 
53 6 


140.0 



1262.0 

Bromine 

4if. 6 

Silver . . . . # 

715.0 

Cflflmnim 

398.0 

Sodium 

1015.0 

Cflfhpn Hinvirli* _ . 

49.32 

Sulphur (at 445°C.) 

458.0 

Cflrboil diHtilphiflp 

86 67 

Sulphur dioxide 

94.56 

Carbon (calculated) 

38.37 

Sulphuric acid 

122.1 

Chlorine 

61 9 

Sulphuric anhydride 

147 5 

Cnpnpf 

858.0 

Stannic chloride 

30.53 

Hydrogen 

123.0 

• Tin P 

271.0 

T nfifnp 

24.0 

Water 

538.0 

Iron 

Lithium (calculated'' . 

1595.0 

2.54 

Zinc 

425.0 


1 Latent beats of evaporation (and of fusion) are the B.t.u required to 
evaporate (or fuse) a pound of material without rise of temperature. In 
metric units it is the largo calories per kilogram. 


1 Robenhain, “ Introduction to Physical Metallurgy.” 

2 Also see p. 81 for Charpy test. 
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e 

Latent Heats of Fusion (Calories per Gram) and Meeting 
Points, °C. 



Deg. C. 

Cal. 

per 

gram 


Deg. C. 

Cal. 

per 

gram 

Aluminum. ... . 

657 

86 . 5 

Magnesium 

650 

71 8 

Antimony 

630 

39.4 

Mercury... 

-38.7 

2.79 

beryllium 


30 5 

Monel metal. 


68 0 

Bismuth 

'270 

10 3 

Nickel.... 

1450 

75 8 

Cadmium.. .. 

321 

11 1 

Palladium 

1550 

36 3 

Caesium ... 

28 5 

37 6 

PL ispliorus 

44 1 

5 13 

Calcium. . . 

810 

52 6 

Platinum 

1755 

26 0 

Cobalt.. 

1480 

68 0 

potassiu m . 

63 5 

14 7 

Copper .... 

1084 

41 7 

Rubidium 

38 7 

8 86 

Gallium 

30 

19. 1 

Selenium 

218 5 

13 0 

Gold. . 

1064 

15 9 

Silicon . 

1420 

127 7 

Ice 

0 

79 77 

Silver. 

961 

26 0 

Iodine., 

114 

11 7 

Sodium 

97 6 

27 3 

Iridium 

2300 

26 1 

Steel 


20 0 

Iron, electrolytic. 

1530 

49 2 

Sulphur 

1 1*6 . 5 1 

27 3 1 

Iron, gray 

1375 

33 0 

Tellurium 

451 

19 0 

Iron pig (4.3 C) 


67 6 

Thallium 

302 

7.2 

Iron, white 

1075 

23.0 

Tin . 

232 

13.5 

Load . . . 

»17 

5 62 

Zinc . 

419 

25.5 


1 When molten sulphur changes to a leathery solid at 160°C., there is 
13 1 oal. per gram given out. 


Latent Heat of Fusion of Compounds 
Oxides 


A1 2 0 3 . .. 
H*0 


50.0 SiO. 

79.73 Ti0 2 

76.1 

35.8 

As CL .... 
CuCl 

Mn CL. . . . 
PbBr 2 . . . . 


Halides and Sulphides 

...... 69.74 KjC1 2 

22 4 PbS 

49 37 SnCl 4 

12.34 ZnCl 2 

20 90 

104 

46.84 

54.1 

KNO a ... 

€ 

, Nitrates 

48.90' NaN0 3 

64.87 


Silicates 

Al-calcium silicate (anorthitc) CaAl 2 Si 2 Oe 100 

Al-potassium silicate (orthoclasc) KAlSi 2 Oa 100 

Al-potassium silicate (microcline) KAlSijOs 83 

Calcium silicate (wollastonite) t CaSiOs _ 100 

Ca-magnesium silicate (malacolite) CasMgSuOia 04 

Ca-magnesium silicate (diopside) CaMgSi 2 Oe 100 

Magnesium silicate (enstatite) MgSiO* 125 

Magnesium silicate (olivine) Mg 2 Si 04 130 

f IrOn silicate (fayalite) Fe 2 SiC>4 85 

The first lable on the page is recalculated from the values given in “ Inter- 
national Critical Tables,” with additional values from- Kaye and Labys 
" Chemical and Physical Constants ” The remaining tables are from J. W. 
Richards, “Metallurgical Calculations.” 
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Specific Heats of Non-metals and Alloys* 


Material 


Specific 

heat 


Material 


Specific 

heat 


Solids: 

Asbestos (20°-100°). . . 

Brass (red) 

Brass (yellow) 
Brickwork... . 


0.20 
I 0.09 
0.088 
About 0.2 


Carbon, graphite 
Clay .... 

Coal 

Fluorspar (30°) 

German silver (0°- 100°). 
Glass, crown (10° 50°) 
Glass, flint (10° 50°) . . 
Granite (20°-100°) 

Icc. ... 

Monel metal (20° -400°) . . 
Iron, cast 
Iron, wrought 
Marble (18°) 

Quartz (0°) 

Quartz (350°) 

Sand (20° 100°) . 

Stool ... 

Stone . . . . 

Wood . ... 


0.16 
0 19 
0 24 
0 21 
0 0 95 
0 16-0 20 
0 12 

0 19-0 20 
0 502 
0 127 
0 13 
0 11 
0 21 
0 174 
0 279 
0.19 
0.12 

About 0 2 
0 45-0.65 


Liquids : 

Alcohol, ethyl (40°). . 

Alcohol methyl (12°) 
Benzene, CfiHe (10°) 
Benzine 

Benzol, (19°-30°) 

Gasoline. . * 

Glycerine (lJy > -50°) 

Hydrochloric (HC1 

+ lOHaO) (18°) 

Hydrogen (253°) 

Kerosene 


Lead (molten) 

Mercury (5°* 36°) . . 

Nitric (UNO-, + IOH 2 O) 

(18°) 

Nitrogen (- 208° to - 196°) 
Oil, olive (7°) 

Oxygen ( - 200° to - 1 83°) 
Sea water (17°) 

Sulphur (119° 147°) 
Sulphuric.anSO*) (16°— 20°) 
Sulphuric (iLSOi 
+ 5H 2 0) (16°-20°) 
Turpentine (1 8°) . 


0.65 
0.60 
0 340 
0 45 
0 4158 
0 53 
0.58 

0 749 
6 00 
0.47 
0 03 
0.0333 

0 768 
0 43 
0.47 
0.35 
0.94 
0 2340 
0 3315 

0 5764 
0.42 


The specific heat of a substance is the number of B.t.u.'s required to raise 
the temperature of a pound of the substance I°F or the number of large 
calories required to raise the temperature of a kilogram of me substance 1 C. 
There is much discordant data on the subject and several tables are given. 
The user is advised to look over all thp tables, as the data ie. given in several 
forms. _ „ 

‘From Pieuce and Carver's, “Formulas and Tables for Kngmecrs, 
with some additions from other authorities For all the elements, see the 
tables on page 244 and 246 


Specific Heats of Some Petals 1 


Metal 

Specific heat 

As a 
gas 

Metal 

Specific heat 

Aa a 
gas 

At about 
15°C. 

At about 
melting 
point 

At about 
15°C. 

At about 
melting 
* point 

. . . . 

0.055 

0 076 

0.046 

Mn 

0 122 



Al.. . 

0.167 

0.308 

0.1852 

Mo . . 

0 066 



Bi.. . 

0.030 

0.030 


Na 

0 293 


0.2174 

Cb 

0.068 



Ni . . 

0 109 

0 iei 


Cd 

0.054 

0 062 

0.0446 

Os . 

0 031 



Co 

0.106 

0.204 


P. 



0.064 

Cu 

0.091 

0.118 


Pb 

0 030, 

0 034 


Fe. 

0.116 

0.162 


pt . ! 

0 032 

0 046 


Hr 

0.033 

0.032 

0.025 

Sr. . 

0 0735 



lr. 

0.030 

0 040 


Sb. . 

0.048 

0 0A4 

0 416 

K 

0.166 

0.23 

0.128 

Si.. . 



0 107 

Li I 

0.941 

0.975 

0 714 

Sn. 

0 055 

0 059 

0.424 

Mg. 

0 246 


0.2084 

Tl. 

0.03355, 

. . • 

0 024 

W .. . ! 

0.035 



Zn. 

0 093 

0.122 

o.ow 


‘The first two columns are from Hofman’s “General Metallurgy, the 
values for the gaseouB state are fronr»J. W. Richardb Metallurgical Calcu- 
lations.” 
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Specific Heats of the Elements 1 

Calories per gram per degree Centigrade 


Substance 1 

lempera- 

ture 1 

sp. 

heat 1 

Substance 1 

1— 

Sp. 

heat 1 

Aluminum. . . . 

- 182°— 15° 

0.168 

Lead 

300° 

0.0338 


17°-100° 

600° 

0.217 

0 282 

Lithium .... 

Molten 

0°-19° 

0.0402 

0.837 

Antimony 

-186° 79° 

0.0462 


0°-100° 

1.093 


1°— 20° 

0 . 0503 

Magnesium 

-186°- -79° 

0.189 

Arsenic: Cryst. 

Molten 
632®— 830° 
042-100° 

0.0603 

0 . 0822 

Manganese . 

17°— 100° 
225° 

- 188°— 20° 

0.248 

0.281 

0.093 

Amorph 

21°— 65° 

0 070 

14°-97° 

0.189 

Barium 

- 185°— 20° 

0 068 

Mercury. 

-213° 

0.0266 

Beryllium 

0°-100® 

0°-100° 

0 05 

0 425 

Molybdenum 

0°-80° 
-185°- 20° 

0.0331 

0.063 

Bismuth 

-186° 

0 0284 


15°— 91° 

0.072 


22°— 100° 

0 0304 

Nickel . 

- 186°— 18° 

0.086 

Bromine: Solid 

Molten 
- 78° 20° 

0 . 0363 

0 084 

Nitrogen, liq. 

18°— 100° 
-208 -196° 

0.109 

0.43 

Liquid .... 

13®— 45° 

0 107 

Osmium 

1 9°— 98° 

0.031 

Gas 

150°— 230° 

0 0570 

Palladium. . . . 

18°— 100° 

0.059 

Boron, amorph 
Cadmium. .. 

0°-100° 

- 186° 79° 

0 307 

0 050 

Phosphorus: 
Yellow 

- 78°— 10° 

0 17 


Pure 18° -99° 

0 055 

Yellow 

1 3°— 36° 

0.202 

Ctesium 

0°— 26° 

0.048 

Liquid 

49°— 98° 

0.205 

Calcium 

0°-*20° 

0 145 

Tied 

15°— 98° 

0 17 

Carbon 

0°- 20° 

0 145 

Platinum. . . 

- 186°— 18° 

0.0293 

Gas carbon . . 

24°— 68° 

0 204 


18°— 100° 

0.0324 

Charcoal .... 

0° 24° 

0.165 


1230° 

0.0461 

Charcoal .... 

0°— 224° 

0 238 

Potassium . . . 

- 78°-23° 

0.166 

Graphite . . . 

— 50° 

0.114 

Rhodium. . . . 

10° 97° 

0.058 

Graphite. . . 

11° 

0 160 

Ruthemium . 

0°-100° 

0.061 

Graphite . . . 
Graphite. . . 

202° 

977° 

0.297 

0.467 

Selenium: 
Cryst 

22°— 62° 

0.084 

Diamond.. . 

11° 

0.113 

Amorph. . . 

1 8°— 38° 

0 095 

Cerium. . 

0°-100° 

0 045 

Silicon, cryst 

— 1 85°— 20° 

0.123 

Chlorine, liquid 

0°— 24° 

0 226 

57° 

0 183 

Chromium .... 

-200° 

0 067 


232° 

0 . 203 


0° 

0 104 

Silver 

-186°- -79° 

0.496 


i7°-iao° 

0 110 

f 

1 5°— 100° 

0 056 

Cobalt 

400° 

-182°- 15° 

0 133 

0 082 

Sodium : Solid 

427° 

- 185°-20° 

0.059 

0.234 


15°-1 00° 

0 103 

Solid. . . 

10° 

0.297 


15° -630° 

0 123 

Liquid.. . 

128° 

0.333 

Copper 

-192° 20° 
20°- 100° 

0 0798 

0 0936 

Sulphur: 
Rhombic . . 

17°— 45° 

0 163 


m 900° 

0 118. 

Liquid 

160°-233° 

[<«{»!»■ 


Molten 

0.1318 

Tantalum 

— 185°— 20° 

0.033 

Didymium. . 

0°-100° 

0 046 


58° 

0.036 

Gallium, solid 

12°-23° 

0 079 

Tellurium . 

15°— 100° 

0 0483 


1 See also the table on^p. 246. 
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Temp., deg. C. 


0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

220 

240 


Heat capacity, 
cal. per gram 


0.150 

0.158 

0.164 

0.1695 

0.175 

0.180 

0.1845 

0.189 

0.1935 

0.198 

0.2025 

0.207 

0.2115 


Temp., deg. C. 


260 

280 

300 

320 

340 * 

360 
380 
400 
450 
500 
550 
600 
650 


Heat capacity, 
cal. per gram 


0 216 
0.2205 
0.225 
0.2295 
0 234 
0.2385 
0 2525 
0.2645 
0.280 
0.2955 
0.311 
0.326 
0.342 


There is an allotropic transformation of Fe- 2 0 3 at 360°C., 
absorbing 4.85 cal. per gram. There are also various transi- 
tions between 650°C. and 825°C. which absorb 41.8 cal. per 
gram. (G. G. Brown and C. C. Furnas, Trans. A. /. C. E. t 
1923.) Fe 2 0 3 melts at about 1579°C. Editor. 

There is an allotropic transformation of Ni it from 310- 
345°C., depending on impurities. Nickel is magnetic below, 
non-magnetic above this transformation point. The latent 
heat of this change is 4.64 cal. per gram. 


Data oh Sulphur * 

Sa(rhombic) changes to S^(monoclinic) at 94.5°C. and absorbs 
HI cal. per gram atom. 

Sa (monoclinic) melts at 116.5°C. to SA(liquid). 

SX (liquid) changes a leathery solid (S/u) at 160°^. 

The change from Sa to S 2 (both gaseous) at 1000°C. absorbs 
5850 cal. per gram atom. 

The specific heats are as follows: 


Sat 

0 

- 95° 

0.1751 

S a 

17 

- 45° 

0.163 

SX 

119 

- 147° 

0.2346 

S/X 

160 

- 264° 

0 300 


The specific heat of carbon disulphide at 100°C. is 0.*2617. 
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Specific Heats of Metals for t a Centigrade \ 


Aluminum 

.. 0.2220 

+ o.ooooa 

Antimony 

. . 0.04864 + 0 . 0000084$ 

Beryllium . . 

.. 0.3756 

+ 0.00106* 

Boron 

. . 0.22 

+ 0.00035* 

Carbon (under 250°) . . . 

. 0.1567 

+ 0.00036* 

Carbon (250°-1000°) . . . 

. .. 0.2142 

+ 0.000166* 

Carbon (above 1,000°) . 

0.5 

- (120 *) 

Nickel (up to 230°) . . 

0.10836 + 0.00002233* 

Potassium • 

0.1858 

+ 0.00008* 

Silicon. 

0.17 

+ 0.00009* 

Sodium 

* 0.2932 

+ 0.00019* 

Titanium 

0.978 

+ 0.000147 * 

Zinc . . 

. 0.0906 

+ 0.000044* 

Bismuth 

. 0.0285 

+ 0.00002* 

Bromine 

. . 0.105 

+ 0.0011* 

Copper 

0.0917 

+ 0.000048* 

Cadmium 

. . 0.0546 

+ 0.000012* 

Iridium . . 

0.0317 

+ 0.000006* 

Lead 

0.02925 + 0.000019* 

Palladium . . . 

. 0.0582 

+ 0.00001* 

Platinum 

. 0.0317 

+ 0.000006* 

Silver (to 400°) 

.... 0.555 

+ 0.00000943* 

Silver (over 400°) 

0.5758 

+ 0.0000044* 



+ 0.000000006* 

Tin 

0.0560 

+ 0.000044* 


1 J. W. Rich ah dh, “Metallurgical Calculations.” 

2 From Hofman’s, “General Metallurgy. ’’ 


Specific Heats of Chlorides 


Chlorides 

1 

Formula 

Range 

Specific heat 

Ammonium chloiide 

NH«C1 

23°-100° 

0.3908 

Araemous chloride 

AsCls (solid) 

14°-98 .3° 

0.0896 


As( 'lj(gas) 

159°- 208° 

0.1122 

Barium chloride 

BaCla 

14°-98° 

0.0896 

Calcium chloru^p . . 

CaCl* 

23°-99° 

0 1730 

Chromium chloride 

CrCh 


0.1430 

Cuprous chloride 

CusCla 

1 7°— 98° . . . 

0 1383 

Lead chloride. . 

PbCla 

/ 20°-l(X)° 

\ lG0°-380° 

0.06511 

0.707 } 

Lithium chloride.. 

LiCl 

13°-97° 

0.2821 

Magnesium chloride 

MgCli 

24°— 100° 

0.1946 

Manganese chloride,. 

MnCl« 


0.1425 

Mercurous chloride. . 

IlgCl 

7°-99° 

0 0521 

Mercuric chloride 

HgClj 

13 0 -98° 

0.0689 

Potassium chloride.. 

KC1 

14°-99° 

0 1730 

Silver chloride 

Sodium chloride 

AgCI 

100° -380° 

0.0978 

NaCl 

15°-98° 

0 2140 

Strontium chloride. 

SrCla 

13°-98° 

0.1199 

Titanium chloride 

TiCU (solid) 

13°-99° 

0.1881 

t 

TiCh (gas) 

163°-271° 

0.1290 

lin (ous) 

SnCl* 

20°-99° 

0.1016 

-tie)..* 

SnCl« (solid) 

14°-98° 

0 1476 


SnCh (gas) 

149°-27^° 

0.0939 

Zinc chloride 

ZnCla. 

21°-9fl»° 

0.1362 
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Oxide | 

Formula 

| Range 

Specific heat 

Beryllium oxide 

Be 2 0i 

0°-100° 

0.2471 

Boron oxide . . . 

B 2 0 8 

16°-98° 

0.2374 

Antirnonious oxide . . 

Sb 2 Oa 

18°-100° 

0.0927 

Alumina 

Al 2 0a 

0°— 1200° 

0.2081 + 

Alumina 

A1 2 0i 

above 2200° 

0. 00008761 
0.5935 

Arseni ous oxide. 

AsssOa 

l3°-97° 

0.1276 

Calcium oxide.. 

CaO 

0°-4° 

0 1715 + 

Chromium oxide. 

Cr 2 0i 


0.000074 

0.1796 

Feme oxide 

FesO» 

0 °-t° 

0.1456+ 

Ferroso-ferric oxide 

Fe»0* 

0 °-4° 

0.0001884 
0.1447 + 

Magnesium oxide . 

MgO 

24 100° 

0.0001881 

0.2440 

Magnesium hydrate 

Mg(OIIh 

19°-50° 

0.312 

Manganese oxide 

MnO 

13°-98° 

0 157 

Manganese sesquioxule. . . 

Mn 2 0* 

15°-99° 

0.162 

Manganese seBquioxide, 
hydrated 

Mn 2 0*.II 2 0 

21°-52° 

0 . 1760 

Manganese peroxide . . . 

MnOa 

17°-48° 

0.1590 

Nickel oxide . 

NiO 

13°-98° 

0.1588 

Silica 

SiOs 

0°-1200° 

0.1833 + 

Mercuric oxide . . 

HgO 

5°-<)8 0 

0 0000774 
0.0518 

Molybdic oxide 

MoOa 

21°-52° 

0 1540 

Lead oxide. 

PbO 

22°--98° 

0 0512 

Bismuth oxide . 

BijOs 

20°-98° 

0 0605 

Thoric oxide. 

ThsOa 

0°-100 

0 0548 

Tin oxide 

SnO* 

lG°-98° 

0 . 0930 

Titanic oxide. 

TiOt 

0 °- 200 ° 

0.1790 

Tungstic oxide 

Zirconium oxide 

WOj 

8 °- 98 ° 

0.0798 

ZrQ 2 

0 °- l 00 ° 

0 1076 

Zinc oxide 

ZnO 

0°-1000° 

0.1212 + 

Cuprous oxide 

Cupric oxide 

CuaO 

19°— 51° 

0 00003154 

0 1110 

CuO 

12 °- 98 ° 

0.1420 

Columbia oxide. 

Cb 2 Os 

o°-r° 

0 1037 + 


n 

4 

0 000074 

Ferrous oxide. 

FoO 


0.1460(a) 

Potassium oxide. 

Kat) 


0.1390(a) 

Sodium oxide. . 

Na 2 0 


0 2250(a) 

Lithium oxide.. . 

Li 2 Q 


0.4430(a) 


(a) Theoretical results, according to Vout. 

1 J. W. Richahps, " Metallurgical Calculations,” Vol. II , 


Specific Heats of Sulphates 


Sulphates 


Barium sulphate.. 

Calcium sulphate. 

Copper sulphate . 

head sulphate 

Magnesium sulphate 
Manganese sulphate 
Nickel sulphate .... 
Potassium acid sulphate. . . 
Potassium sulphate 
Sodium sulphate 
Strontium sulphate 
Zino sulphate 


Formula 

j Range 

Specific 

heat 

BaSOt 

l0°-98° 

0.1128 

CaSO* 

13°-98° 

0 1965 

CuSOa 

23° -100° 

0 1840 

PbSOa 

20°-99° 

. 0.0827 

MgSO* 

25°-100° 

* 0 2250 

MnSC>4 

21°-100° 

0 1820 

NiSOt 

15°— 100° 

0.2160 

HKSO* 

19V51° 

15^-98° 

0 .£440 
0.1901 


17°-98° 

• 0.2312 


22°-99° 

0 1428 

_ 

! 22°-100° 

0 1740 
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Specific Heats of Nitrates 


Nitrates 

! Formula 

1 

Range 

Speoifio 

heat 

Ammonium nitrate 

NH 4 NO 1 

14°-31° 

0.4550 

Barium nitrate 

Ba(NOi)i 

13°-98° 

0.1523 

Lead nitrate ... 

Pb(NOi)a 

17°-100° 

0.1173 

Potassium nitrate 

KNOi 

13°-98° 

0.2387 

Silver nitrate 

AgNO* 

1 0°-99° 

0.1435 

Sodium nitrate 

NaNO* 

14°— 98° 

0.2782 

Strontium nitrate. . . * 

Sr(NOi)i 

170.47° 

0.1810 

Sodium-potassium nitrate 

l(Na(NOi)j 

15°-100° 

0.2350 

Sodium nitrate (fused) 

NaNOa (liquid) 

320°— 430° 

0.4130 

Potassium nitrate (fused) 

KNOi* (liquid) 

350°— 435° 

0.3319 


Specific Heats of Carbonates 


Carbonates 

Formula 

Range 

Specific 

heat 

Barium carbonate. . . . . 

BaCOj 

ll°-99° 

0.1104 

Calcium carb. (calcitc) ... 

CaCOa 

20°— 100° 

0.2086 

Calcium carb. (aragonite) .... 

CaCOa 

18°-99° 

0.2085 

Calcium carb. (marble) 

CaCOa 

23°-98° 

0 . 2099 

Calcium-magnesium (dolomite). 


20°— 100° 

0.2179 

Iron (Biderite) 

FeCOs 

9°-98° 1 

0.1935 

Iron-magnesium 

M g7Fej(COi)» 

20°— 100° 

0.2270 

Lead (cerusBitc) 

PbCOs 

16°-47° 

0.0791 

Potassium carbonate 

K 2 COi 

23°-99° 

0.2102 

Sodium carbonate 

NaaCOa 

16°-98° 

0.2728 

Strontium carbonate 

SrCOa 

8°-98° 

0.1475 


Specific Heats of Chromates 


Chromates 

Formula 

Range 

Specific 

heat 

Lead chromate? 

PbCrOa 

19°-50° 

0 0900 

Iron chromate 

FeCrO« 

19°— 50° 

0.1590 

Potassium bichromate. . . . 

KaCrsOa 

16°— 98° 

0.1894 

Potassium chromate 

KaCrOa 

19°-98° 

0.1851 


Specific Heats of Borates 


* Borates 

Formula 

Range 

Speoifio 

heat 

Lead Biborate . , 

PbBsOa 

PbBaOi 

KsBaOa 

K»p 2 07 

15°-98° 

18°-99° 

16°-98° 

■ 18°-99° 

0000 

828S8 

SSS 01 

Lead tetraborate 

Potassium biborate 

Potassium tetraborate 
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Specific Heats of Bromides,' Iodides and Fluorides 


Bromides 

Formula j 

Range 

[ Speoifio 
beat 

Lead bromide 

PbBn 

16°— 98° 
190°-430° 

0.0532 

0.0532 

Potassium bromide 

KBr 

16°— 98° 

0 1132 

Silver bromide 

AgBr 

15°-98° 

0.0739 


NaBr 


0.1384 

Cuprous iodide. ... 

Cul 

20°-99° 

0 0819 

Lead iodide 

Pbla 

14°-98° 

0 0427 

Mercurous iodide. . . 

Hgl 

17°-99° 

0 0395 

Mercuric iodide 

Hgh 

18°-99° 

0 0420 

Potassium iodide. . . 

KI 

20° -99° 

0.0819 

Silver iodide. ... 

Agl 

15° -2 64° 

0.577 

Sodium iodide 

Nal 

lG°-99° 

0.0868 

Clacium fluoride 

CaF 2 

15°-99° 

0.2154 

Sodium-aluminum iluoiidc. 

NaaAlFe 

lG°-99° 

0.2522 


Specific Heats of Phosphates 


Phosphates 

Formula j 

Range 

Specific 

heat 

Calcium acid phosphate 

CaP 2 O 0 

1 5°-98° 

0.1992 

Calcium phospo-fluorule (apatite) 

3Ca 3 P 2 OaCaF 2 

1 5°— 99° 

0.1903 

Lead, tribasiq diphosphate 

PbsPaOs 

ll°-98° 

0.0798 

Lead pyrophosphate 

Pb 2 P 2 (>7 

1 l°-98° 

0.821 

Potassium pyrophosphate 

K 4 P 2 O 7 

17°-98° 

0.1901 

Silver phosphate 

AgaP0 4 

19°— 50° 

0.0898 

Sodium pyrophosphate. 

NuU’jOt 

17°— 98° 

0.2283 


Specific Heats of Alttminates, Titanates, Etc. 


Alurm nates 

Formula j 

Range j 

Specific 

heat 

Spinel 0 

Chrysoberyl. 

MgALOa * 

15°— 47° 

0.1940 

Be AI 2 O 4 

0 °- 100 ° 

0 . 2004 

Ilmenite 

FcTiCh 

15°-50° 

0.177 

Wulfenitc 

PbM 0 O 4 

15° 50° 

0.083 

Scheclite. ... ... 

CaWO« 

15° -50° 

0.097 

Wolframite . . ... 

Fc(Mn) WO 4 

15°~50° 

0.098 

Potassium permanganate 
Fotassiun chlorate . . 

KMnO« 

15°— 15° 

0.179 

KClOa 

10 °# 100 ° 

0.210 

Glass 

Ca,K,SiOa 

140.990 

0.1077 

Glass, flint ... 


10°-50° 

0.177 

Glass, crown ... 


10°— 50° 

0.161 


Compound Sulphides 


Sulphides 

Formula 

Range 

1 Specific 
heat 

Bornite 

CuaFeSa 

10°-100 1 ' 

0.1177 

Bournomte. . 

PbCuSbSa 

10°-100° 

0 0730 

Cobaltite . . 

CoAsS 

15°-99° 

0.0991 

Chalcopyrite 

Mispirkel 

CuFeSx 

»°-98° 

- 0.1310 

FeAsS 

10°-100° 

0.1060 

Prqustite 

AgaAsSs 

10°-100' # 

0.0807 

Pyrargyrite *. 

Tetranedrite 

AgaSbSs 

’CuiSbaSi 

10°-100° 

10°-100° 

0.0757 

0.0987 
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Specific H?eats of^Sulphides 


Sulphides 

Formula 

Range 

Specifio 

neat 

Antimony sulphide 

SbaSi 

23°-99° 

0.0840 

Arsenic sulphide 

AsS 

20 °- 100 ° 

0.1111 

Arsenic sulphide 

AsaSa 

20 °- 100 ° 

0.1132 

Bismuth sulphide. . 

BlaSa 

ll°-99° 

0.0600 

Cobalt sulphide ... 

Copper sulphide 

i 

CoS 

15°-98° 

0.1251 

CuaS 

90 - 97 ° 

0.1212 

CuaS 

o°-t° 

0.1126 + 
0.00009* 

Ferrous sulphide 

FeS 

17°-98° 

0.1357 

Iron sulphide 

FcjSl r 

20 °- 100 ° 

0.1602 

Iron pyrites . 

FeSa 

1 9°-98° 

0.1301 

Lead Bulphidc 

PbS 

16°-98° 

0.0509 

Manganese sulphide . 

MnS 

10 °- 100 ° 

0.1392 

Mercury sulphide ... 
Molybdenum sulphide 

HgS 

14°-98° 

0.0512 

M0H1 

20 °- 100 ° 

0.1233 

Nickel sulphide . 

NiS 

1 5°-98° 

0.1281 

Silver sulphide . . . 

AgaS 

7°-98° 

0.0746 

AgaS 

0 °-t° 

0 . 0685 -f 
0.00005/ 

Zinc sulphide. . . . 

ZnS 

1 5°— 98° 

0.1230 

Stannous sulphide. 

SnS 

I3°-98° 

0 0837 

Stannic sulphide 

a 

SnSa 

1 2°-95° 

0.1193 


Specific Heats of Arsenides and Antimonides 



Specific Heats of Silicates 


Silicates 

Formula 

Range 

Specifio 

heat 

Aluminum silicate (topaz) . . . . 

AhSi(F)0 B 

12 °- 100 ° 

0.1997 

Al-calcium silicate (anorthite) . . . 

CaAlaSiaOa 

0 °~ 100 ° 

0.189 


CtlAlaSiaOg 

0 °- 1200 ° 

0.294 

Al-beryllium silicate (beryl) 

BeAhSiaOa 

12 °- 100 ° 

0.2066 

Al-potassium silicate (mieroclino) 

KAlSiaOs 

20 °— 100 ° 

0.197 

Al-potassium silicate (orthoclaBe) 

KAlSiaOa 

20 °- 100 ° 

0.1877 

Calcium silicate (wollastonitc).. 

CaSiOa 

0 °- 100 ° 

0.179 

CaSiOa 

0 °— 1200 ° 

0.288 

Ca-magnesium silicate (diopside) 

CaMgShOfl 

0 °- 100 ° 

0 194 


CaMgSiaOs 

0 °- 1200 ° 

0.281 

Ca-magnesium silicate (mala- 

CttsMgSi«Oi 2 

0 °- 100 ° 

0.186 

colite) 

CaaMgSuOia 

FeaSiOa 

0 °- 1200 ° 

0.264 

Iron silicate (fayalitd) 

0 °- 100 ° 

0.170 

Iron-alumiitjm (garnet) 

FeaAlaSisOia 

16°-100° 

0.1758 

Magnesium silicate (enstatite). . 

MgSiOj 

0 °-l 00 ° 

0.206 


MgSiOs 

0 °- 1200 ° 

0.301 

Magnesium silicate, (olivine) .... 

MgaSiO* 

0 °- 100 ° 

0.2200 

Zirconium silicate rsircon) . 

ZrSiOg 

15°-100° 

0.1456 

Basalt . . « 

Bessemer slag 


20°-470° 

140.990 

0.1990 

0.1691 

Granite . . .... 


20 b -524° 

0.2290 
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Specific Heat of Water 1 
(Defining specific heat at 32° to 33°F. as unity) 


Tempera- 
ture, 
deg. F. 

, 

Specifio 

neat 

Tempera- 
ture, 
deg. F. 

Specifio 

neat 

Tempera- 
ture, 
deg. F. 

Specifio 

neat 

32 

1.0000 

176 

1.0089 

320 

1.0204 

50 

1.0005 

194 

1.0109 

338 

1.0328 

68 

1.0012 

212 

1 .0130 

356 

1.0364 

86 

1.0020 

230 

1.0153 

» 374 

1.0407 

104 

1.0030 

248 

1.0177 

392 

1.0440 

122 

1.0042 

266 , 

1.0204 

410 

1.0481 

140 

1.0056 

284 

1.0232 

428 

1.0524 

158 

1.0072 

[ 302 

1.0262 

446 

1 .0568 


1 From “ The Petroleum Year Book, 1914.” 


Specific Heat of Wat£r 

(Defining specific heat at 16° to 17° as unity) 


Tempera- 
ture, 
deg C. 

Specific 

heat 

Thermal 
capacity, 
0° - t° 

Tem- 
perature, 
deg. C. 

Specific 

neat 

Thermal 

capacity, 

0° - t° 

0 

1 00940 

0.00000 

25 

0.99806 

25 05131 

1 

1 00855 

1 . 00898 

26 

0.99795 

26.04932 

2 

1 00770 

2.01710 

27 

0.99784 

27.04720 

3 

1.00690 

3.02440 

28 

0 99774 

28 . 04499 

4 

1.00610 

4 . 03090 

29 

« 0 . 99766 

29.04269 

5 

1.00530 

5.03660 

30 

0 99759 

30.04031 

6 

1 00450 

6.04150 

31 

0 99752 

31.03786 

7 

1 . 00390 

7 04570 

32 

0 99747 

32 03536 

8 

1.00330 

8.04930 

33 

0 99742 

33 03280 

0 

1.00276 

9.05233 

34 | 

0 . 99738 

34 . 03020 

10 

1 00230 

10.05486 

35 

0 . 99735 

35.02757 

11 

1.00185 

11 05694 

36 

0.99733 

36.02491 

12 

1.00143 

12 05858 

37 

0.99732 

37 02224 

13 

1.00100 

13 05980 

38 

0 . 99732 

38 01956 

14 

1.00064 

14.06062 

39 

0.99733 

39.01689 

15 

1 00030 

15.06109 

40 

0 99735 

40.01422 

16 

1.00000 

16.06124 

41 

0 . 99738 

41.01159 

17 

0.99970 

17.06109 

42 

0 . 99743 

42.00899 

18 

0.99941 

18.06064 

43 

0 99748 

43.00644 

10 

| 0.99918 

19.05994 

44 

0 99753 

9 44.00395 

20 

0 99805 

20.05900 

45 

0 99700 

45.00152 

21 

0.99872 

21.05783 

46 

0 99767 

45 99916 

22 

0.99853 

22.05645 

47 

0 9SC74 

46*. 99686 

23 

0.99836 

23.05490 

48 

0.99781 

47 99464 

24 

0.99820 

24.05318 

49 

0.99790 

*48 90250 

25 

0.96806 

25 05131 

50 

0.99800 

49 99045 
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Mr an Specific Heats of Gases 


1 

Under 

constant 

pressure 

0-300°C. 

Under 
eonstant 
volume ■ 
0-300°C. 

y 

Air, 20° C . . 


0 

2417 

0 

1684 

1 

402 


Ammonia . . 


0 

5356 

0 

391 

1 

336 


Bromine, 19° -388° 


0 

0555 

0 

0429 




Carbon dioxide, 0° 


0 

2010 

0 

172 

1 

30 


Carbon disulphide, X6°- 

-190°. 

0 

1596 

0 

131 

1 

.239 


Carbon monoxide, 23°- 

99°. 

0 

2425 

0 

1736 

1 

401 


Chlorine . 


0 

1241 

0 

0928 

1 

33 


Hydrogen 

Methane 


3 

0 

1090 

5929 

2 

0 

411 

486 

1 

1 

42 

313 


Nitrogen, 0°C. . . 


0 

2350 

0 

1727 

1 

41 


Nitrous oxide . . 


0 

2262 

0 

181 

1 

324 


Oxygen.. .. 


0 

2175 

0 

1723 

1 

41- 


Sulphur dioxide 


0 

154 4 

0 

123 

*500°) 1 

2 

W ater 


0 

4805 

0 

370 

1 

.305 


Hydrochloric acid . 


0 

1867 






Acetylene 






1 

26 


Argon, 20° -90° C . . . . 
Iodine, 200° -377° C . . 


0 

123* 







0 

031 






Nitric oxide, 13°-172°. 


0 

232 



1 

394 


Nitrogen peroxide, 27°- 

07° ‘ 

1 

<>25 



(150°) 1 

31 

Sulphurcttod hydrogen, 

S0°-2<)6° 

0 

245 



1 

340 


Ethane 






1 

22 


Ethylene 


0 

101 ' 



1 

264 


Benzene, 34°- 115°.. 


0 

299 



(20°) 1 

40 

Turpentine, 179°-249° 


0 

506 







Molecular Specific TIeat,s (Lewis & Randall) 

Those arc the ordinary specific heats multiplied by the molecular weight of 
the gas 

N 2f 0 2 . IT Cl, HBr, TTI, C„ - f, 5 1- 0 0010* 

Ji a c„ ■= o 5 + o t tooth 

Cl 2 Bra, la, C P = f> 65 - { - 0.00 4* 

HaO, ri 2 S C,» - 8. SI + OtOOlO* + 0 0000222*= 

COa, SOa C v = 7.0 + 0 0071* 1 0 0000018*= 

Hydrocarbons = 4.4 + 1 4w + (0 012 + 0 006n)**. 

* n *= number of atoms of C. 

Specific Heat of Gases 1 


(Calories per cram of gas at *°C (absolute temperature = * + 273)) 



According to 
llichards 

According to 
Damour 

Nitrogen (to 2000°C.) 

Nitrogen (2000°-40<)0°C.) 
Oxygen (to 2000°C ) 

Oxygen (2000°-4000°C.) . 
Water vapoi^ ...... . 

Carbon dioxide 

Sulphur dioxide. . 

Carbon monoxide. . 

Hydrogert • 

Methane. . . 

Hydrogen (2000°-4000°C ) . . 

0.2405 + 0.0000214* 

0 . 2044 + 0 000057* 
0.2104 +0 0000187* 
0.1788 + 0.00005* 
0.42 + 0 000185* 

0.19 + 0 00011* 

0.125 + 0.0001* 

0 . 2405 + 0 . 0000214* 
3.37 +0.0003* 

2.75 + 0.0008* 

0.2438 + 0.0000214* 

0.2135 + 0.0000187* 

0.447 + 0.000162* 

0 194 + 0.000084* 

0.2438 + 0.0000214* 
3 412 + 0.000300* 
0.381 + 0.0000234* 



1 SoifBBMJEIKB’S “Coal.” 
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Constants for Calculation of Molal Heat Capacities 
of Gases 1 

Cp => a + bT + cT* + dT* 


Gases 

a 

5-103 

c-108 

d- 10 ® 

Temper- 

ature 

limits 

°K 

Esti mated 
limit of 
average 
error, 
per cent. 

Monatomic gases; that is, 
II, He, A, Hg, Na 

4.98 





< 1.0 

1.5 

H„ HF $ 

Na, CO, Oa, NO, HC 1 , 

6.85 

0.28 

0.22 




300-2500 

6.50 

.90 


. » 

300-3000 

3.0 

HBr, HI, F 2 { • 

CU. ••• 

Br 2 , I 2 , K 2 , Ilg 2 

it 2 o . 

IlaS 

CO*, SOa , ( 2 ) CO* only 

6.76 

* .606 

.13 


300-2500 

1 0 (F*. 5) 

6.50 
5 88 

8 58 

9 00 
8 22 
7.20 

1 00 

9 35 
.30 

i 5 
3.60 

.... 

- 7 00 

i'34 


300 3000 
300- 700 
300-2500 
300-2000 
300 2500 
300- 600 

3.0 (Fa, 5) 

2.5 

5.0 

5 0 

1.5 

5 to 10 

/ (D . 

7 70 

5 30 

- 83 


300- 2500 

2.5 

j ( 2 ) • 

5 07 

16.30 

-12 90 

3 91 

300-1600 

1 .5 

NHa . . . 

CH 4 

6 70 
5 90 

6.30 

9 60 



300- 800 
150- 400 

1.5 

5.0 


1 Bureau of Mines, Tech. Paper 445. 

Specific Heat of Gases, By Volume* 



Cal. per cu. m. of 
gas, per cleg. C. 

Lb.-cal. per cu. ft. 
of gas, per deg. C. 

Nitrogen ... J 

0 303 -1- 0 . 000027* 

034 + 0 . 00030* 

0.37 + 0.00044* 

0 2575 + 0 000072* 

0 444 -1- 0 . 00054* 

0 303 + 0.000027* 

0.2575 -1- 0 000072* 
0.303 + 0.000027* 

1 « 

0.0189 + 0.0000017* 

(Carbon Hinxule 


Carbon monoxide 


Sulphur dioxide ' 



Hydrogen .... . . . 

Hydrogen (2000°-4()00°^ . . 
Oxygen 

0 0189 + 0.0000017* 

0 0161 + 0.0000045* 

| 0.0189 + 0.0000017* 



Total Heat Contained at Melting Point of Metals 1 

Tlie heat is expressed in calories necessary to heat 1 gram 
of the metal to its melting point from 0°C. The latent heat 
of fusion is then the difference between the heat in the solid and 
that in the liquid phases. # * 


Element 

Melting 

point 

Heat, in 
solid 

Heat in 
liquid 

Latent heat 
of fusion 

Aluminum .... 

625 0 

158.3 

258.3 

100.0 

Alumina 

2200 0 

882 . 0 

933.0 

51.0 

Antimony. . 

632.0 

34.1 

74.3 

40.2 

Bismuth 

267.0 

9.0 

21 0 

12.0 

Cadmium 

321.7 

18.81 

31.83 

13.02 

Copper 

1085.0 

117.0 

162.0 

45.0 

Gold 


34 . 63 

50.93 

* 16.3 

Iron 

1450 . 0 

300.0 

369. 0 

69.0 

Lead 

326 0 

11.6 

15.6 

4.0 

Palladium 

962.0 

64.8 

89. 

£4.35 

Platinum 

1775.0° 

75.2 

102. 4T 

27.2 * 

Tin 


14.34 

28.16 

• 13.82 

Zinc 

420.0 

45.2 

67.8 

22.6 


1 J. W. Richards, “Metallurgical Calculations.** 
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Total. Heat Contained in Certain Silicates when 
Melted 1 


Magnesium silicate (olivine) 

Magnesium Bilicate (enstatite) .... 
Potass. -alum, silicate (microcline). 
Potass. -alum, silicate (of thoclaset . 
Calo.-alum. silicate (anorthitel . . 
Calcium silicate (wollastonite'l 
Calc.-magnee. silicate (malacolite) 
Calc.-raagnes. silicate (diopside) . . 

Iron silicate (fayalite) 

Iron-alum, silicate (garnet) 



Melting 

point 

Heat ' 
in solid 

Heat 
in liquid 

Latent 
heat of 
fusion 

MgiSiOi 

1400° 

620 

660 

130 

MgSiOj 

KAlSisOg 

KAlShOa 

1300° 

1170° 

1200 ° 

403 

628 

125 

83 

100 

CaAhSizOa 

1220 ° 

358 

458] 

100 

CaSiOa 

1250° 

360 

460 

100 

CasMgSi40i2 

1200 ° 

319 

413 

94 

CaMgSizOe 

FeaSiOa 

FcsAhSiaOia 

1225° 

344 

444 

100 

1040° 

1145° 

310 

395 

85 


1 The table is compiled from Richard’s “ Metallurgical Calculations.” 


In general, the specific heat of a slag (silicate) may be calcu- 
lated as the mean of the specific heat of the constituents, but a 
quick approximation is to take it at any temperature as being. 
* So(l + 0.000780 

and over any range of temperature as being 
Si(l + 0.00039[Zi - t 2 ]) 

where So is specific heat at 0° and Si is specific heat at ti. 


Solubility of Salts at H)°C. and Boiling 1 


One part requires for solution 


Aluminum Bulphate ( + 18HsO) 
Ammonium alum ( + 12H*<!0 . . 

Ammonium carbonate 

Ammonium chloride 

Ammonium chlorplatinate ... 

Ammonium nitrate 

Ammonium oxalate .... 

Ammonium sulphate 

Barium chloride ^+2H20) * 

Barium hydrate (-j-SAq) 

Barium nitrate 

Boric acid 

Bromine 

Cadmium chloride 

Calcium carbonate 

Calcium chloride (fused) 

Calcium hydroxide 

Caloium nitrate. . „ 

Calcium oxide ..... ... 

Calcium sulphate ( + 2H2O) ... 

Chromic acid (CrOa) . 

Chromic sulphate (4-I8H2O) 

Cobaltous sulphate^ + 5HaO) 

Copper sulphate ( |-5HsO) 


Cold water 

Hot water 

1.052 

0.088 

10.92 

0.24 

4.0 

1.5 

3.04 

1.37 

150.0 

80 0 

0.54 

0.19 

22 22 

2.45 

1.358 

1.026 

3.00 

1.66 

21.32 

0.02 

12 50 

3.11 

51.3(0°) 

2.94 

30.0 

31.9(30°) 

1.08 

0.75 

Insoluble 


1.667 

0.649 

600 0 

0 .28(152°) 

1 07(0°) 

750.0 

1500.0 

3.86(18°) 

451.0 

0 607 


0.833(20°) 


2.9(20°) 


2.7 

6.49 


1 Chemek and Bicknell’s “Chemical and Metallurgical Handbook” 
For other tables of solubility see the table of “Properties of Compounds,” 
p. 262, and “Properties of Precipitates,” p. 420. 
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Solubility op Salts at 10°C. and Boiling. Continued 
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* 

Solubilities of Solids in Water 

S = number of grams of anhydrous substance which when 
dissolved in 100 grams of water make a saturated solu- 
tion at the temperature stated. 

p = number of grams of anhydrous substance per 100 grams 
of saturated solution. 


Substance 




20 

40 

60 

80 

100 

Am. chlor., NH 4 C1, S... 

29.4 

33.3 

35.2 • 

37.2 

45.8 

55.2 

65.6 

77.3 

Barium chlor., 









BaClr2H 2 U, S 

31.6 

33 . 3 

34.5 

35.7 

40.7 

46.4 

52.4 ' 

58.8 

Barium hydrate, 






1 



Ba^OIDz'SHzO, S. . . . 

1.67 

2.48 

3 . 23 

3.89 

8.22 

20.94 

101.4 



4.17 

3.74 

3.65 

3.58 

3.45 




Cadmium sulphate. 









CdS0 4 -^II 2 (), & 

76 .5 

76 . 0 

7G.3 

76.6 

78 5 

83.7 

70.22 

60.77* 

Calcium hydrate. 









Ca(OII) 2 , S 

0.183 

0.176 

0.170 

0.165 

0.141 

0.116 

0.094 

0.077 

Copper sulphate. 









CuS0 4 -5H 2 O f S 

14.3 

17.4 

18.8 

20.7 

28.5 

40.0 

55.0 

75.0 

Lithium carbonate, 









LiiCOa, 

\ . 54 

1.43 

1.38 

1.33 

1.17 

1.01 

0.850 

0.720 

Mercuric chloride, 









HgCU, v. 

3 50 

4 . 50 

5.00 

5.40 

9.30 

14.0 

23.1 

38 0 

Potass, chloride, KC1, S 

27.6 

31.0 

32.4 

34 0 

40 0 

45.5 

51 . 1 

56 7 

Potass, bromide, KBr, #S* 

53.5 

59 5 

(52 5 

65 2 

75 5 

85 . 5 

95.0 

104 0 

Potass, iodide, KI, 5. . 

127 5 

136.0 

140.0 

144.0 

160.0 

176.0 

192.0 

208.0 

Potass hydrate, 



1 






KO]I‘2UsO, S 

97.0 

103.0 

107.0 

112 0 

138.0 3 



178.0* 

Potass, nitrate, KNOs.-S 

13.3 

20 . 9 

25.8 

32 0 

04 0 

110.0 

169.0 

246 0 

Silver nitrate, ArNOj, »S' 

122.0 

170.0 

196.0 

222.0 

376.0 

525.0 

669.0 

952.0 

Sodium carbonate, 









NftiCOs’ IOII 2 O, 5.. . . 

7.0 

12.5 

16.4 

21.5 

46.1* 

46. 0 4 

45. 8 4 

45. 5 4 

Sodium chloride, 









NaCl, S 

35.7 

35.8 

35.9 

36.0 

36.6 

37.3 

38.4 

39.7 

Sodium sulphate 

ft 


• 






Na 2 SO 4 -10II 2 O, S 

5.0 

9.0 

13.4 

19.4 

49.0* 

45.0* 

44. 0* 

42.0* 

Strontium chloride, 









SrClrGIIsO, S 

43.0 

48.0 

50.0 

53.0 

65.0 

82.0 

91.0* 

101.0* 


1 Very soluble in ammonium-acetate solution. 

2 Solid phase Incomes CdSOeHsO at 74° 

3 Becomes KOTT^HsO at 32 5° and KOH HjO at 50°. 

4 Becomes Na 2 COa TI 2 O at. 35°. 

6 Becomes Na 2 S0 2 at 32 38°. 

4 Becomes SrCl2-2H 2 0 at 70°. 


The above formulas are those of the solid phases that are in 
equilibrium with the solution. The figures are from Seidell's 
“Solubilities of Inorganic and Organic Substances.” D. Van 
Nostrand £Jo., New York. 
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Aluminum 

Antimony 

Arsenic 

Bismuth 

Cadmium 

Cobalt 

8ar 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Platinum 

Silver 

Tantalum 

Tin 

Tungsten 

Zinc 
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Solvents for Metals 

HC1, HN0 3 , H 2 SO 4 , alkalis. 

Aqua regia, HNO3 to oxide. 

Aqua regia, HNO a to oxide. 

HNO i3 . 

HNO 3 . 

HN0 3 . 

hno 3 . 

Aqua regia. 

HC1, dilute H 2 SO 4 , not by cone. 
HNO 3 , boiling concen. H 2 S0 4 slightly. 
HC1. 

HN 0 3 , boiling H2SO4. 

HN0 3 . 

Aqua regia. 

HN 0 3 , boiling H2SO4. 

HF and HNO 3 mixed. 

HC1, HNO 3 to oxide. 

HNOa containing HF; fused KNO 2 . 
HC1, HNO :J , H 2 S0 4 , alkalis. 


In Dilute Solution (Fifth Normal or More Dilute) 1 

1. Copper is acted upon by cold dilute hydrochloric acid to a 
much greater extent than by sulphuric or nitric acids. Each of 
the last-named acids attacks the metal to about the same extent. 

2. Aluminum is slowly attacked by dilute nitric acid and 
sulphuric acid. 

3. Lead is more rapidly attacked by hydrochloric acid than 
by sulphuric acid, the action of the latter acid being negligible. 

4. Tin is soluble in caustic soda and in sodium carbonate 
solution, but not in ammonia. 

Action of Acetylene upon Metals ( Chem . Zeit., 1915, 89, 42). 
— In acetylene installations explosions have sometimes occurred 
which have been attributed to the formation of explosive com- 
pounds of acetylene with the metal of the fitting. In a series 
of experiments it was found that pure dry acetylene in contact 
for 20 months with the following metals had no action upon 
them: zinc, tin, lead, iron, copper, nickel, brass, German silver, 
phosphor bronze, aluminum bronze, type metal, solder. With 
pure moist acetylene nickel and copper were both attacked. 
Unpurified moist gas, as obtained in the ordinary way from com- 
mercial carbide, had no appreciable action on tin, German silver, 
aluminum bronze, type metal or solder, but had a distinct action 
on zinc, lead, brass, much more on iron and bronz5, and still 
more on phosphor bronze, while the action on copper was very 
rapid; but it is stated that in no case were exj^osive substances 
produced. It is recommended that metal fittings u§ed in con- 
nection with acetylene should be coated with nickel or tin. 

1 A. J. Hale and H. S. Foster, Journ. Soc . Chem . Ind .. May 15, 1915. 



258 METALLURGISTS AND CHEMISTS’ HANDBOOK 


Solubility of Metals in Acids 1 
(24 Hours Immersion at 15 Deg. C. Loss Per Sq. Cm. of Surface in Grams) 


Metal 

Cone. HC1 

H 2 SO 4 10% by 
vol. 

HNOs sp. gr. 
*1.20 50% by vol. 

Iron 

0.0814 

0.0327 

0.7165 

Nickel 

0.0037 


0.1546 

Chromium 

0.2014 



Copper 

0.0018 


0.5708 

Cobalt 

0.0480 

0.0150 


Manganese 1 

' 0.1579 

0.7724 

0.5688 

Aluminum 

0.1071 



Silicon 

0.0002 


0.0002 



0.0001 

0.0096 


1 Chem. and Met . Eng., Oct. 6, 1924. 


Action of Sulphur M nochloride on Certain Pure 
Metals 1 


Metal 

Form 

Per cent loss in 
weight after 

52 weeks 

Remarks 

Aluminum . 

Foil* 

100 

Dissolved immediately 
with great evolution of 
heat 

Dissolved immediately 
with considerable heat 

Antimony . . . 

Lump 

100 

Arsenic 

Lump 

85.6 


Bismuth . 

Lump 

2.1 


Cadmium .... 

Stick 

0 4 


Chromium . . 

Lump 

0 0 


Cobalt 

Lump 

0 0 


Copper . 

Foil « 

33.5 • 

The scale which quickly 
forms protects the 
metal beneath 

Lead 

Foil 

( 3 ) 


Nickel 

Foil 

0.14 


Manganese. 

Lump 

100 „ 

Dissolved after several 
days 

Silver 

Foil 

( 4 ) 

Tin 

Foil 

4.0 

A brown sticky film pro- 
tects the metal beneath 

Zinc 

Stick 

5.7 



( s ) Increased in weight 1.3 per cent. 

( 4 ) Increased in weight 0.4 per cent. 

1 Prepared by Ellery H. Harvey, of Montgomery, Ward & Co., Chicago. 
111 . * 

Corrosion Due to H 2 S 1 

f The folio wing* table shows the corrosion of strips of metal in 
the upper*portion of a cracking still running on a stock contain- 
ing 0.25 to 0.30% S at a temperature of 735°F. 

1 Wilson and Bahlke, Journ. Ind. Eng. Chem.., Vol. 17, 1925, p. 357. 
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• 

. Metal 

Loss 

mg./sq. cm. 
per run 

Number 
of runs 

Aluminum 

None 

60 

Calite casting 

None 

60 

Calorized plate 

None 

50 

Duralumin 

None 

10 

Stainless steel (Firth-Sterling) . . . 

0.03 

33 

Ascoloy 

0.03 

94 

Aluminum bronze 

0.11 

38 

Galvanized ron . . . . . , 

0.55 

50 

Zinc 

0 60 

10 

Cast iron 

2.73 

30 

Vismera steel 

2.96 

10 

Special Climax alloy steel . 

3 32 

33 

Still-bottom steel 

3 44 

30 

Copper-bearing steel . . . 

3 49 

10 

Low chromium alloy steel .... 

3.68 

20 

Wrought iron 

3.69 

10 

Monel 

3.85 

10 

Bronze ... 

18.25 

10 

Brass. . 

21.80 

10 

Copper 

40.60 

10 


Reaction of Sulphur Chloride with Metals 1 

Previous investigators have shown that some metals do not 
react with sulphur chloride cither in the cold or on heating, 
while others react only on heating, and in a few cases the 
reaction begins at the ordinary temperature; the products of 
the reaction are sulphur and chlorides of the metals, with 
small proportions of sulphur compounds. The author finds 
that the reaction may be brought about or greatly accelerated 
by the agency of dry ether, with which the metallic chlorides 
form complexes and so enhance the thermal effect of the 
reaction. Under these conditions, magnesium, zinc, alumi- 
num, tin, antimony, bismuth, molybdenum, iron, mercury, 
and gold arc readily converted' into their chlorhies or etherates 
of the latter. On the other hand, the alkali metals, calcium, 
cadmium, thallium, lead, tungsten, chromium, manganese, 
cobalt, nickel, copper, silver, and platinum, react either not 
at all or with extreme slowness. The metals which do react 
cither (1) give chlorides which readily form etherates, as is 
the case with zinc, aluminum, tin, and bismuth, or (2) give 
chlorides which are readily fusible and volatile and approximate 
in their properties to the chloro-anhydrides; in correspondence 
with the latter, the higher chlorides are mostly formed, for 
instance, ZnCl 4 , FeCl 3 , HgCl 2 . Univalent metals do not 
react and divalent metals — excepting mercuity — if at all, react 
with far greater difficulty than tri valent and cpiadrivafbnt 
metals. It is probable that other metals, giving volatile 
higher chlorides, such as titanium, germanium, vanadium, 

1 N. Domanicki, Journ Russian Phys. Chem. Soc., 1916, Vol. 48, p. 1724. 
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# 

and the like, would also react readily with sulphur chloride 
and ether. 

Solubility of Air in Water 1 * * 

1000 cc. of water saturated with air at 760 rhm. pressure 
contain the following volumes of dissolved gas (calculated to 
volume at 0°C. and 760 mm.). 


Temperature of water 


i 

0° 

5° 

10° 

15° 

20° 

25° 

30° 

Oxygen, cc 

10 ]/) 

8 0 

7 9 

7.0 

G.4 

1 5.8: 

5.3 

Nitrogen, argon, etc 

19.0 

16.8 

15.0 

13.5 

12.3 11.3 

10.4 

Sum of above, cc 

29.2 

25.7 

22.8 

20.5 

18.7 

17.1 

15.7 

Per cent, oxygen in dissolved air (by 
volume) 

34.9 

34 . 7 

34.5 

34.2 

34.0 

33.8 

33.6 


Solubility of Sulpiiur Dioxide in Water 

(760 rum. pressure?) 


Temperature of water, deg C 

20 

30 

40 

50 

GO 

70 

80 

90 

100 

SOi, per cent, dissolved a . . 

8.0 

I 7 - 4 

6.1 

4 9 

3.7 

2.6 

1.7 

0.9 

0 0 


Solubility of Gases in Water 
(700 mm pressure 3 ) 



Volumes, 

0°C. 

Volumes, 

15°C. 

Volumes, 

30°C. 

Volumes, 

60®C. 

Oxygen 

0 . 0489 

0.03415 

0 . 02608 

0 019 

Nitrogen 

0.02388 

0 01686 

0 01380 

0 0100 

Carbon monoxide 

0 . 03537 

0.02543 

0 01998 

0 015 

Carbon dioxide 

• 1.713 

1.019 

0.665 

0.36 

Ammonia 

1300.0 

S02.0 

28° 



Argnn 

0.058 

0.041 

0 030 


Chlorine 

2 63 

1 77 

1.0 


0.0150 

0.0139 

0 0138 


Hydrogen ... . 

0.0215* 

0.0188 

0 018 

20° 


Hydrochloric acid 

506.0 

458.0 

411 0 

339.0 

Nitrons oxide. 


0.74 

0 . 63 


Nitric oxide 

0.074 

0.0515 

~ 20 ° 

0.040 

0.029 

Sulphuretted hydrogen 

4.68 

3.05 

2 67 

20° 


Sulphur dioxide 

79.8 

47.3 

27.2 

18.8 

40 ° 

Aeet.ylene • 


1 15 



Hvdrnhrnmir lipid 


581 0 



Air 


0 02045 



Bromine . . 


28.4 



*• 1 






In*the majority of the above cases the gases are in equilibrium with the 
water at 760° mm. pressure. 


i Kaye and Laby’b “ Chemical and Physical Constants." 

■Hofman’s “General Metallurgy." 

» Compiled from various authorities. 
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Shrinkage of Petals 1 


Metal 

Casting 
temperature, 
deg. C. 

Freezing point, 
deg. C. 

Shrinkage 
during freezing, 
per oent. 
of volume 

Total 
shrinkage, 
per cent, 
of volume 

Pb... 

500 

326 

0 065 

0.82 

Pb.. 

600 

326 

0 065 

0.83 

Zn. 

650 

410 

0 08 

1.40 

Zn. 

700 

416 

0.08 

1.40 

Zn. 

750 

416 

0?08 

1.40 

Sn (Banca) 

550 

225 

0 1-0.15 

0.44 

Sn . 

500 

. 225 

0 1-0.15 

0.55 

Al . 

800 

683 

6 6 

8 2 

Al.. 

700 

683 

6 6 

7 2 

Cu . . 

1250 

1060 

Expansion 

, 1 42 

Bi . ... 

500 

261 

0.29 

Sb 

710 

621 


0.29 

Sb 

750 

621 


0.63 

Sb .. . 

800 

621 


0.29 

Sb 

1050 

621 


0.66 

Na 2 . . . 




2.57 

1 From Hofman’h “General Metallurgy,’ 
lurgie, Vol. 6, 1909, p 769. 

2 Chem. Trade Journ., June 26, 1915. 

" originally from WtfST, Metal- 

* 


The expansion of copper is to be attributed to the setting free of dis- 
solved gas. The lead, zinc, copper and antimony that Wust worked with 
were not even commercially pure. This may account for the inconsistency of 
his results with those of other authorities, given below. 


Shrinkage of Metals 1 


Metals 

Sodium 

Potassium . . 

Tin 

» 

Percentage increase of 
volume on melting 

2 5 (a) 

2.5 (b) 

2 5 (a) 

“• 2 6 (6) 
2.8 (a) 

Cadmium 


2.8 (e) 

5 2 (a) 

Lead 

, 

4.72(c) 

3.7 (a) 

Thallium 


3 39(c) 
3 1 (a) 

Zinc 


0 9 (a) 

Aluminum . . . 


6.6 (e) 

Tellurium 


7 3 (a) 

Antimony 


1.4 (a) 

Bismuth . . 


-3.27(a) 



-3.31(c) 

-3 0 (d) 


(a) M. Toepler, Annalen der Physik, 1888, Vol. 34, p. 21. 
ib) H. Block, Zeit. fiir Phya. Chem., 1912, Vol. 78, p 385. 

(c) G. Vincentini and D. Omodei, Atti R. Accademia at&le Science ai Torino , 
1889, Vol. 31, p. 25. * 

id) C. Ludeking, Annalen der Physik , 1888, Vol. 34, p. 21. 

(e) Recent work by Aluminum Co. of America. 

1 Compilation in Engineering, Apr. 3, 1914, p. 473. 
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Solubility (parts solid to parts water) 

Adds 

O •§ 

35 3 « § 

'gwS fc 8 § 

Absolute 

alcohol, 

cold 

i 

1:2 

8 

8 

1 

1 

12:100 

B 

3.06:100 

1.8. 

0.62:100 

i 

l.B. 

S 

v.s. 

Hot 

water 

i 

* 

8 

8 

1 

1 

8 

8 

1 

* 1 

89:100 

595 at 28° 

422 ^l 00 

S 

v.s. 

128:100 

v.s. 

87:100 

1:80 

Dec. 

v.s. 

v.s. 

v.s. 

Water, 

20°C. 

i 

70: S 100 

j 

8 

v.s 

l 

i 

36:100 

Dec. 

710:1 vols 

14.8:100 

9:100 

8 

VS. 

74:100 

72:100 

37:100 

0.67:100 

Dec. 

v.s. 

v.s 

v.s. 

Boiling 
point, 
deg. C. 

■ ** • 

-CO '-'S .... 

1 S 8^. : ■ • » 

2 , § 

d . : 

Melting 
point, 
deg. C. 

660 

97 5 

194 

1040 

Dec 

191 I 

73 

2030 : 

Dec 770 
1100 
-77.7 

114 

137.4 

Dec. 

Sublimes 

Dec. 

Dec. 

Solut.-40 

-17 

Specific 

gravity 

2 70 

3 01 

2 44 

3 1 

2 3 

3 98 

3 68 
2.59 

2 71 

2 02 
hq. .817 

1.073 

1.63 

"2 55 

' i 54 ‘ 
3.06 

1 88 

_ 

2.56 

Mole- 
cular 
weight 
0 = 16 

f *-HCOcOOOO<M<N<50 .-h -1 CO CD(>- QO'OGOQcpaOrtiiON- 

i-H i--eoa>05c--H05CT) hho o^ho ct>© »o© 000© 

r-~ non f- e*j m to ro ^ to i>- >0 ^ 

<N ©MOONONOtN t^iO-^iOOiOkO^eOCOCOT* 

<M ’-t TfMrHrt COH Tf< CN <N T* 1-t 1-H 

Formula 

O 

r O N{J 

B - 

- . ®6®£ 6 5? 

^ 3 5- W^o 0 PhO 

w e„ 5 o n L 

WBSSwSwSSwwa 

c 

V 

V 

3 

1 

CD ' 

Aluminum 

Bromide 

Chloride. . . . 

Fluoride 

Hydroxide. 

Iodide. . . 

Nitrate. . 

Oxide 

Phosphate . . . 

Sulphate 

Sulphide 

Ammonia . . 
Ammonium; 

Acetate 

Alum 

Arsenate 

Bichromate. . . . 

Bromide 

Carbonate 

Chloride 

Chlorplatinate 

Chromate 

Fluoride 

Hydroxide 

Iodide 
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Solubility (parts solid to parts water) 

Acids 

® „ , CG 00 

OSDs 2 D“3 g Og 

es®a! 5 aw S taw 

Absolute 

alcohol, 

cold 

0 45:100 

8 

S 

3:100 

1 

.014: 100 

Is 

Hot 

water 

6 6 <=? „ 6 0 § 

Qj 1 ~ m <n J -< — ■ OJ — .m.m O ” H 

QQh « Q Q as 0 ■ ■ 

Tt< .-OOO 

•-H — < - 

O 

OoOZ 

So 0 80 

0) a ■ - - « w - 0 — ■— - oj ^ — 1 O " 

CQ " ~ GC '' Q Q r-l OJ .-t • Q CT> 

CO O O COOOO 

CO 

O O CO 

Boiling 

point, 
deg. C. 

63 

404 

• 

-54 8 

1140 

Melting 
point, 
deg. C 

-80 

146 

275 

267 

170 

-113.5 

Dec 160 
Dec 254 
Dec 50 
Dec. 
Dec. 

Dec 160 
Dec. 197 

Dec. at 290 
Dec. 
Dec. 120 
Dec. 205 
Dec. 140 
850 

847 

Dec begins 
1361 

4 14 

847 

77 9 Dec 

Specific 

gravity 

-8 .... 
t'- 

haco 0000 • »o 10 ©CO 

©CO 1 XS’ff 05 -8 10 QOCO O >0 T-I 

C'i'tfeocoro co r- co co co rt, <n 

CO 

_ i 

Mole- 
cular 
weight 
O = 16 

131.96 
455 72 
197 92 
214.06 
246.13, 

77.98 

436 95 
303 57 
329 27 
248 22 

577.96 
442 4 
490.60 

232 66 
223 21 
324.13 
410 4 
458 53 

137.37 
333 23 

197.37 

304.29 
244 32 
253 38 
315 51 

Formula 

• 

O O 

a 0 c a 

2^ n -5w - 

sas K 

pqOB^39.°b oo^9°8 pqo 9ooS 

« b> bi < nun 333333^ 333;0?c8c8e3 cS 69 eg cS 

-*35 •"fj PQ CQ PQ PQPQPQPQ 

« 

© 

0 

a 

68 

S 

ao * 

Arseni oua : 

Fluoride 

Iodide. . * . 

Oxide 

Realgar. 

Sulphide . . 

Arsine 

Auric: 

Bromide 

Chloride 

Cyanide 

Hydroxide . 

Iodide. 

Oxide 

Sulphide 

Aurous: 

Chloride . 

Cyanide 

Iodide 

Oxide 

Sulphide . . 

Barium 

Bromide . . 
Carbonate . 

Chlorate 

Chloride. 

Chromate 

Hydrate . ... 


Chlorate . Ba(C10a)2 304.29 J 4 14 1:4 1:0 80 i 

Chloride. BaCla 2HiO 244 321 3 05 i 847 I 36.1001 78:100! .014:100 

Chromate BaCrOi 253 38' 4.50 1 10 003:1000 0.043:1000 

Hydrate. ... Ba(OH) s 8H2O 315 51! 2 13 ; 77 9 Dec 1 j3.S9:100i 1:1 Is 
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I 

Acids 

s 

v.s. HiSO* 
f i-dil. 

1 acids 
] s-conc. 

[ acids 

Dec. 

s 

s 

8 

8 

S 

S 

8 

1.8. 

1 

1 

o 

Absolute 

alcohol, 

cold 

11:100 

Dec 

i 

8 


1 

>> 

Hot 

water 

• 8 • 8 8 o 

■ . . 1-1 • rl ej-* »-* 

► ► >8 : « 

CM ■ CM CO 

0 08:100 
230:100 

0.06:100 

1:460 

i 

s 

1 

3 

Water, 

20°C. 

. 

127:*100 
76.6 ^lOO 1 

i 

V 8. 

186:100 

Dec. 

23 S : 100 
Dec. 
143:100 
0.012:1000 
72:100 

S 

u . U3 : zuuu 
0.17:100 
192:100 
54.8:100 
0.13:100 
0.003:100 
1:500 
i 

9 

1 

point, 
deg. C. 

W o . . . .... 

:2 . S . . : .p2 : : : : 

; 0 ; ; . ; ; 

. > I I ! .{2 I 

a 

3 

a 

point, 
deg C. 

Dec. 300 
59 5 

10001 

1750 

26 

Dec. 610 
646 

Dec 

Red heat 
414 

810 

765 

Dec. 825 
772 

Dec. 

•00 

ISKSfegg : 

2o««c3Sq :7 : 

Specific 

gravity 

4.79 

2.4 

8.15 

2.48 

4.69 

. 1 9 

*3 97’ 
2.7 

* 4.02 

3.69 
1.5S 

3 35 

2. 7-2.9 

2 2 

2 34 

4.9 

2.36 

3.4 

3.18 

2.31 

2. 2-3. 5 
1.582 

Mole- 
cular 
weight 
0 =■ 16 

<MO0— ioO^N. •Clt>-CMM<Nt'-Ot'"0>0st-0>P00SI— <M 

■t0N»0Ca3O0)O©®OOOOON-tO«) O 

tCOOOO^ Tf i •looowoi’f OOlQOtDOO'fW^tDONNW CM 

^ O CM CO ■*}< CM tO CO T* 05 05 O ,-t CM t- C5 CO »C i-H t-H *0 CO 

r- • CO 1 CO -H .COMHHH HHHH CMr-t COt-I tH 

Formula 

A 

* O 

f g _ .g 

IloO „ Soao° (§8oofc|^|o%| Q 8 
3333 3 uooooouooq3ooo333ooo w 

Substance 

• • 

Cadmium: 

Hydroxide 

Nitrate 

Oxide 

Sulphate 

Sulphide 

Caesium 

Carbonate ... 
Chloride . . . . 

Hydride 

Hydroxide 

Nitrate.. 

Calcium 

Bromide 

Carbonate . . 

Chloride 

Chlorid of lime . 

Fluoride 

Hydroxide ... 

Iodide 

Nitrate 

Oxide . . . 

Phosphate . . . . 

Sulphate. . . . 

Carbon 

Tetrachloride 

Carbonic: 

Add . . . . 
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§ S 


O ON • o CO 

tr i-tO OOOOO'# -»0 

| »-lfl Ttl-f lOCO T-t—l 

I I CDOOCTm© OCD 


o o 03 S 00 joBoo CO 

s '^2 u <j~q <u ■ 3^55 

2 .*3 q«tj ^qsS 22 

H £ £ Q 


CO CD CM .COCMCMO«OCM 

-rt-^T-«ooio 
ri ■ CM 1-1 1- CM 


8 co co cm oo oocMeoeooo 0‘0 

HOUJOJ 03 lO 't CM 'O COCO 
1-1 CO CM 1-1 CO O3i-“OCO co-H 


05 CM Ifl r-( O CO 
CM 03 r-~ 00 CO | 


- ri 

8 88 iS 6 (ScS<Sb 5 iS 


.si i-iiiisJi 
34 B<S$$g<Sl8gg 


jsg 5 S £0 ^ „ 

<So9o& 6966 99 

66660 w6££6 66 


:ts« 

Jls&ff 




J 2 

09o§ o .5 
6 666 66 ^ 


:£.2 tj , 2 

il-l'il 11 ^ 6 

|6aoI§ “I 
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BfU OB 0 

Jo 


<5 

u . 

« so « a CO a 
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& 

4 


2 

3 

1 


...8 ... 
Q 


s ? -5- 

Q <N ^ 


g._? 


g S © g g 


.§ g> 8§ 8 § 

5 ■* ^-1 0 


AS 

CM iO 


■Q -7 


^8 co ■88 ;0 ^ ,0 ‘ 0 'M^^ -■ 
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S’ -1 * o» 
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® CO 
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CO o COCO ^ CM 
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-“?» .88o°p(Nw0f 

6 -r • t— ( co *o 1 1 I I 1 


P ; 

M h .cflQ 

P 

•CO • 

>o • 

.at :® 

• • CM 

Tt» • 

1.81 

3 8 

2 80 
5-5.4 

oO co ■ • ■ 

CM OOQO ■ H • • - 

^CM -i-l** -* ■ ■ 

■ » • • ■ 


QQ 


.^CM 

-f-i cr 


lOOOO 
Oi<-t CO 

^O'C 


>0 05 CO CM 
1- ON CO 
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1 The anhydrous salt is referred to. 
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Solubility (parts solid to parts water) 

Adds 

2 Jo 

“l 355 ® ® > ® ®o««« ® ® ® ® B ® B ® « 

t i ‘ w 

Absolute 

alcohol, 

cold 

i 

i 

i 

i 

V.8. 

V.8. 

8 

1:2 

i 

8 

i 

53 *100 
i 

8 

i 

Hot 

water 

f .§§§_ io ; § | 8 . o ^ 

cp" - innio - 7^4! • - " •• Si ~ s; - 

O 'NN N ■ W © »0 ** 

* • ■ 1-1 CO CM CO QC CO 

Water, 

20°C. 

i 

0.04:100 

0.13:100 

i 

Dec. 

1 2:100 
78.5:10c 1 
12 8:100 
3:4 

0 04:100 
35:100* 

1:15,000 

0 01:100 
54:100 
0.008:1000 
70:100* 
0.001:100 

45:\oO 

Slowly 

i 

15:*10 

57:100* 

i 

Boiling 
point, 
deg. C. 

3000 

1620 

861 

• ■ 

>1200 

Dec. 

' nio 

. 

143 

1900 

Dec. 

Melting 
point, 
deg. C. 

1530 

327.5 

373 

Red heat 

186 

618 

613 

450 

255 

837 

860 

051 

Dec. 

Dec. 

Dec 118 
Dec. 

95 

2800 

Red heat 
1260 

Dec 

58.0 

25.8 

1650 

Specific 

gravity 

7-7.8 

11 37 

6 12 

3.2 
• 9-2 

0.53 

2 11 

2-2 07 
2.54 

2. 3-2. 4 

2 54 
. 2 21 

1.74 

3 04 ' “ 

1 56 

2 34 

1 46 
3.65 

2.6 

1 68 

7 2 

4 7-5.0 

3 13 

2 01 

1.82 

5.18 

Mole- 
cular 
weight 
0 = 16 

^ O 't t- O QOOK5iOM"f MONCO^PSiNOOinrt CO <-i © rf< CO 

oo •— i 03 o 'ToO'^oiOsoooifoioeococo'^icccD'^asoi a> © © © a* 

©!>©©’ CO °^COCMCOOOiO©T}<U , 5'*COod©©CM©-«i<©’ ^r-QOt^© 

©©©©CM © tH CM © T-I © CM CO 00 O ID |?5 tC CM ■<* © QO .-t©a5aOt*- 

CM CM CM CM CM CM CM CM hh CM 

Formula 

1 

• o ^ 

HH O O 

© M ^ M 

O © « O © 

9 a W 

„ „ O 1 ^ j'tKO 

.„ 8-w5oo <i86 ££o*g <5 BoSSo 

V 

u 

• § 

% 


Iron (see Fejxum) . . . 
Lead (see Plumbum) 
Iodide ... 

Lime (see Calcium) . . 
Litharge. . . 

Lithium 

Carbonate . . 
Chloride 

Hydroxide 

Nitrate 

Phosphate 

Sulphate 

Magnesium .... 

Ammon -phos 
Carbonate ... 
Chloride 

Hydroxide 

Nitrate 

Oxide 

PyTophos . . 
Sulphate . 
Manganese 

Dioxide ... 
Manganous. 
Carbonate 

Chloride 

Hydroxide 

Nitrate . . 

Oxide 
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Jo 


4 ■? 

L 


6 


w 

965 

aaa 


oo 

J» l 


8 
PO rH 

*-*00 


32:100i 

i 

20:100 

78:100 

0.0004:- 

1000 

i 

i 

i 

i 

i 

Dec. 


0.1:100 

1:960 

88:100 

i 

i 

v.s. 

7.6:10 

i 

65:100 

i 

0.86:100 

6:100 

1:50 

Dec. 1 

Dec. 1 

i 

i 

0 002; 1000 

v.s. 

i 

1.6. 


Dec. 

0.2:100 

1:500 

1 

i 

i 

62:100 

i 

i 

1:2 

1:3 

0.0018:1 

vol. 

. 

Subl. 322 
300 

349 

red heat 

Sub. 310 

356.9 

3700 
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Requires free acid to prevent decomposition 
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Solubility (parts sobd to parts water) 

Acids 

Explodes 

s-FeSO* 

sol. 

Explodes 

8 

s-alkalis 

s 

s-HNOj 

s 

s 

s-CSa. 

i-CSi 

Absolute 

alcohol, 

cold 

• ea 

T! • 6 «jo ... 

CJO 03«3« * ■ » so 

pop : : : : : :q~ : 

Hot 

water 

• t 

1 . 8 . 

...” 

00 

• 

i 

i 

00 

Dec. 

1 

V. 8 . 

v.s. 

Deo. 

fcb 

tao 

Is. 

5.1:100 

vol. 

1 3:1 vol. 

Dec. 

Dec. 

00 

00 

0.041 

s 

i 

i 

Dec. 

Dec. 

s 

l.s. 

00 

Combines 

Dec. 

1 

v.s. 

v.s. 

Dec. 

i 

Boiling 
point, 
deg, C. 

tHCO 

i • 

-88 

22 

0 

88 

121 
-89 4 

100 

-183 

Dec. 

Redness 

2200 

19 

-85 

Dec. 

* * " i. 62 ' 
280 
Dec. 

173 

78 

Melting 
point, 
deg. C. 

-161 

Explodes 

-102.4 

-9 3 
-111 
-42 

- 102 ' 

39 5 
-218 

Sublimes 

300 

Dec. at 
1555 
-35 
-132 5 

42 4 

563 

148 

45 

73.6 

22.5 

-112 

250 changes 

Specific 

gravity 

1 65 
liq 1 27 

co m co ’ 2 

<M .(N^ ^ na> ■ CO >0 
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Magnetic Susceptibilities of the Elements 1 


h “‘magnetic force 
I = intensity of magnetization. 

= magnetic moment per cm. 8 
= pole strength per cm. 2 
B = magnetic induction, or flux den- 
sity * h 4- 4 ttI. 
m = permeability = B/h. 


By h and I are in lines 
per cm. 2 and are vector 
quantities. 

Unit: 4ir lines start from 
a unit magnetic pole. 


H — susceptivity = I /h — ~j~ m 


Coercivity , Kb = o, is the demagnetizing force required to make 
B = 0 after saturation. 

Coercive force is the demangnetizirig force required to make 
B = 0 after some particular field strength. 

Remanenee, B// = o, is the induction remaining when the mag- 
netizing force is removed after saturation. 

The work done, i.e., hysteresis loss, Qe, in taking a cm. 3 of 
magnetic material through a magnetic cycle between the limits 

/ + H e r+Hc' 

hdl = Ml T hdB. 

-H e J-He 

Steinmetz’s empirical formula for the hysteresis loss is 
v B n max where ij is a constant and y = 1.6 (usually). The 
magnetic properties of a material depend not only on its chem- 
ical composition, but on its previous mechanical and heat 
treatment; thus only general characteristics are indicated 
below. 

Good permanent magnet steel contains about 0.5 per cent. 
W and 0.6 per cent. C. Cast iron, chilled from 1000*0., may 
also be used, but the insults will never be so good as with steel. 
The Heusler alloys (Cu, Mn, Al) are iemarkable in showing 
high magnetism when the components do not. With an alloy 
of 96.6 per cent. Fe and 3.4 Si (Yensen’s alloy), the permeability 
rises to over 60,000 when the alloy is annealed at 1100°C. 

Permeability 


Material 


Swedish wrought iron... . 

Annealed cast steel 

Unannealed cast steel... . 
Cast iron 


Magnet steel 


hardened 

tungsten. 


2500 

1450 

490 


3710 

3500 

970 



The figures given are only roughly comparative and can only be used as a 
general working guide. If exact results on particular specimens are wanted* 
laboratory determinations are necessary. 

1 Kate and Last, “Physical and Chemical Constants.** 

2 At A - 15. 

» At h - 10. 
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Material 

Coero- 

ivity 

Itema- 

nence 

//. 

Hysteresis 
loss Qe, 
ergs /cm. 8 

Swedish wrought iron 1 

0 8 
0.07 

2 08 
11 9 

52 6 

27 5 

4,000 

7,100 

0,000 

4,230 

11,700 

9,880 

200 

151 

156 

153 

234 

505 

6,700 

11,700 

20,400 

34,300 

211,000 

116,000 

Annealed cast steel 

Unannealed cast steel 

Cast iron... 

Magnet Btecl 

i 


The figures given are only roughly comparative ami can only be used as n 
general working guide If exact results c\n particular specimens are wanted, 
laboratory determinations are necessary. 




Induction, B, 







for 



F or him. 

* 

Material 

h ma * 






Hyst. 




h = 
100 


Coer 

Reman 

loss, 

ergs/ 








cm. 8 

Mild steel, * 

129 

18,190 

17,700 

8,350 

0 6 

10,300 

4,900 

Steel, 2 8% Cr.0.8% C 





50 0 

0,400- 


Steel, 5.5% W,0.6% C. 








hardened at 770° . 





72.0 

7,000 1 2 3 

280,000 

Steel, 7.7% W, 1 9% C: 








hardened at 800° 





85 0 

4,700 2 


Steel, 4% Mo, 1.2% C, 





85 0 

6,700 


hardened at 800° 








Iron 

50 

17,100 


1,750 

2 . 2 1 

53% 








B max 


Silicon iron, 0.6% Si. 

55 

10,000 


1,900 

1 fii 

43% 




1 

f 



B max 


Silicon iron, 4.5% Si, 

56 

15,100, . 

2,500 

1 2i 

39 % 








Bmax 


Electrolytic iron 

210 

21,250 



18 0 

10,000 


Electrolvtic iron heated 



lfi.doc 


2 5 

12,500 


to 1200° C 








IIadfield’s Mn steel 8 . 




1.3-1 5 


Small 


Nickel, annealed 

1 00 

5,137 


1 290 

1 8 0 

3,570 


Cobalt 

140 

10,000 

9,500 

174 

12 0 

3,400 


Cobalt, 96 % 

114 

8,237 

7, SIX) 

177 



19,000 

IIeusi-eti alloy*. . . 

92 

2,735 


115 




• 






'i 



The figures given arc only roughly comparative and can onlv be used as a 
general working guide If exact results on particular specimens are wanted, 
laboratory determinations arc necessary 


1 // = 10 

2 Bar magnet. 

3 12 per cent Mn, 1 per cent. C. 

* Mn 24, A1 16, Cii (10 

An alloy of iron and boron 1'VaB is highly magnetic, as is also MnB (lfi (HI 
per cent 2?). Trans. VIII lnt. Cong App Ohcm 


II 


Ih = 


ix — 1 

4 a- ’ 


H = 0 for a vacuum. 


* The susceptibility depends very much upon the purity of the 
material, especially upon the absence of iron. It appears to be 
a periodic property of the atomic weight. 
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• 

Elem. 

solids 

// x io-« 

Elem 

solids 

H X 10-6 

Elem 

solids 

// x 10 -« 

Al 2 

+0 65 

P. 

-0 o 

U 

+0.9 1 

Sb . 

-0.95 

Pt. . . 

+ 1.32 

U . 

+ 1.5 

\H 

-0 31 

K 

+0.4 

Zn 

-0.15 

Hi. 

-1 4 

Ith. . 


Zr 

-0.45 

H 

-0 71 

Hu . 

+0.56 

L.i " d 


Cd 

-0. 17 

Se.. , 

-0 32 

Hr 

-0.41 

Cr 

+ 3 7 

Si . 

-0.12 

He 

-0.19 

Cb 

+ 1 .3(’> 

Ag 

-0 2 

N r (hq ) 

+0.28 

Ou 

-0.087 

Na. 

+ 0 51 

O (liq ) 

+0 324 

Au 

-0 15 

8 » 

-0 5 

HsO (15°). . 

-0 80 

I 

-0 36 

Ta 

+ 0 8 

Gases' 


lr' 

+ 0.15 

To . . 

-0 32 

Air (16°) 

+0 032 

Fe 

see p. 229 

Tl. . 

-0.3' 

A 

-0 010 

Pb 

-0 12 

Th. 

+ 1 8 

He 

-0 002 

Mg 

+0 55 

Sn. . . 

+0 025 

H 

-0.008 

Mn 

+ 10. 6(?) 

Ti. 

+ 2.0' 

N . 

+0 024 

Mo. 

+ 0.04 

W 

+0.22 

O 

+ 0 123 


The figures given are only roughly comparative and can only be used as a 
general working guide. If exact results on particular specimens are wanted, 
laboratory determinations are necessary. 

1 Approximate, only. *• 

2 Probably this paramagnetism is due to contained iron, for the more 
nearly chemically pure A1 becomes the less its magnetism. This value is 
given by Honda, Annalcn dcr Phystk, 1910, p 1045. 

There is a critical temperature above which magnetic per- 
meability is very small; in the case of iron it is cnc of the recal- 
eseenoe temperatures. The critical temperature is not perfectly 
definite, but depends upon whether the material is being heated 
os' cooled. 

Fe, G90~89. r »°O. ; Ni, 95 per cent., 300-377°C. ; magnetite, 
r,S2°C. ; Hettskek, alio vs about 300°C.; Co, 1102°C.; Cu, 72°C.; 
Zn, 300-350°C., possibly aljo at 170°C.* Sn, 18° and 161°C.; 
Cd, 64.9°C. 

Electromagnetic Separation 


Magnetic Permeability (Fe = 100,000) 


I ron 

100,000 

Oxide of manganese. . . 

167 

Magnetite 

Spathic iron ore. . . 

40,000 

Black oxide of nickel. , . 

106 

767 

Manganese sulphate.... 

100 

Hematite. .' 

714 

Ferrous sulphate. .... 

78 

Politic iron ore. . . . 
birnonite .... 

593 

296 

Nickelous oxide 

35 


The fiigures given are only roughly comparative and can only be UBed as a 
roneral working guide. If exact results on particular specimens Jre wanted 
laboratory determinations arc necessary 


Magnetic Permeability (in descending scale). 

Faraday’s arrangement. 

Paramagnetic: Fe, Ni, Co, Mn, Cr, Ti, Pd, Pt, Os. 
Diamagnetic: Bi, Sb, Zn, Sn, Cd, Ilg, Pb, Ag, Cu, As, U, lr, W. 
Iron = 2000; air = 1; Bi = 0.998. 
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Action op the Wetherill Magnet on Minerals Pound 
in Placer Sands, Together with Their Specific 
Gravity 1 


Non-magnetic 

Sp. gr. 

Separated by 
current of H 
amp. or less 

Separated by 
current of 2 
amp. 

Separated by 
current of 3^4 
amp. 

Mineral: 

22.0 

19.0 

15.6-19.3 

14-19 

14.0 

13 5 

11 0 

8 1 

7.5 

7.2- 7.5 

7.0 

6.0 

6.0 

5.3- 7.3 

5 0 

4 8 

4.7 

4 . 3- *4 . 6 

4.0 

3 6 

3.5 

3.5 

3.25 

3 2 

3 1 

2.7 




Iridosmium. . . . 
Gold 







Platinum 

Platinum 1 

Platinum 1 

Platinum* 

Mercury 

' 






Cinnabar 








Wolframite. . . . 

Cast iron 7.5 
Josephinite 7 




Cassiterite 7 

Scheelite. . . 

Hematite 5 



Columbite. . 
Pyrite 




Magnetite 5.2 

Ilmcnite 5 

Monazite 5 

Molybdenite. . . 
Zircon 




Barite . 


Chromite 4.3- 

4.6 

Rutile 4.2 
Limonitc 4 
Garnet 3-4 
Pyroxene 3.2- 

3.6 

Epidote 3.5 
Titanite 3 . 5 

Pyrrhotite 4 5 

Corundum 4 
Brookite 4 

Corundum. . . . 

Cyanite 

Diamond 

Topaz 





Fluorite 

Apatite 

Spodumene. . . . 
Beryl 


Spinel 3 5-4 






Chrysolite 3.3 
Tourmaline 3 
Siderite 3 
Serpentine 2 5 






1 R. H. Richards, "Oi« Dressing,” VM. IV. 

2 Probably due to iron. 


Minerals Which Become Quite Magnetic on Roasting 1 


Sulphides 

oxidizi^ roast without 
carbon 

Pyrite FeS 2 

Marcasite, FeS 2 
Chalcopyrite, FeCuS 2 
Bornite, FeCu 3 S 3 

Arsenopyrite, FeAsS 


Oxides and carbonates 
reducing roast with 
carbon 

Hematite, Fe 2 0 3 

Siderite, FeC0 3 

Wolframite, FeMnW0 4 

Chromite, FeCr 2 0 4 


Magnetic Separation 

It is found that in extracting magnetic iron sulphide from 
blend$, that a better separation results if the ore is warm to 
the hand than if it is cold. In roasting concentrates prior 
to magnetic separation the temperature should not be allowed 
to rise to over 900 to 1000 °F. as it is desired to keep the blende 
1 R. H. Richards, ‘‘Ore Dressing,” Vol. II. 
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un roasted. The current for exciting a Dings separator for 
the first separation is about 5 amp. at 225 volts, treating about 
60 tons per day; and for finishing, about 12 amp. at 225 
volts, treating- 40 to 45 tons per 24 hr. The current, however, 
may run up to 19 amp. at times. (E. G. Deutmen, Eng. and 
Min. Journ.y June 28, 1919.) 

In the electromagnetic treatment of monazite sand it is of 
the greatest importance to keep the strength of the current 
constant. 
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CHEMICAL LAWS AND DEFINITIONS 

Avogadro’s. — Equal volumes of all gases and vapors contain 
the same number of ultimate particles or molecules at the same 
temperature and pressure. 

Conservation of Energy. — Whenever a change in mode of 
manifestation of energy takes place, the total amount of energy 
remains a constant. 

Dalton’s. — Sec multiple proportions. 

Definite Proportions.— A chemical compound always con- 
tains the same constituents in the same proportion by weight. 

Diffusion of Gases. — The rate of diffusion of gases is approxi- 
mately inversely proportional to the square roots of their 
specific gravities. 

Dulong and Petit. — The product of the atomic weight and 
the specific heat of the same element is a constant. 

Gay-Lussac’s. — When gases or vapors react on each other 
the volumes both of the factors and the products of the reaction 
always bear to each other some simple numerical ratio. 

Indestructibility of Matter iLayoisier). — Whenever a change 
in the composition ft* substances takes place, the amount of 
matter after the change is the same as before the change 
(Note. — This “law” does not hold for all cases, such as those 
involving radioactivity.) 

Isobares. — Elements of the same atomic weight and different 
atomic number. • 

Isomerism is the identity of percentage composition with 
difference of physical or of both chemical and physical qualities. 
The difference may be in molecular weight (polymerism), or 
of order of union of atoms in the molecule (metamerism), or 
of position of the atoms in space (stereo-isomerism). 

Isotropic. — Having the same properties in all directions: said 
of a medium with respect to elasticity, conduction of heat, etc. 

Maritfte’s. — -The volume of a gas is directly proportional 
to the absolute temperature and inversely proportional to the 
absolute pressure upon it. 

Metamerism. — Having the same percentage composition, 
but with a different order of union of atoms in the molecule. 
Thus, methyl ether and ethyl alcohol are metamers, both 
being CaHuO, but one is (CH 8 ) 2 0 and the other is CHa-CHaOH. 

286 
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Multiple Proportions (Dalton).— If two elements A and B 
form ‘several compounds with each other, and we consider 
any fixed mass of A y then the different masses of B which 
combine with, the fixed mass A bear a simple ratio to one 
another. 

Periodic. — The properties of an element are periodic func- 
tions of the atomic weight. 

Polymerism. — An identity of percentage composition but a 
difference in molecular weight. Compounds totally dissimilar 
are thus polymers, as aldehyde, CHrCHO- and butyric acid, 
CH 3 OH 2 CHrCOOH, one being 0 2 H 4 0 and the other (XHsCL. 
But polymerism may also .be like allotropism in elements, 
ns in paraldehyde (CIIrCHO)s, where the compound itself 
forms a complex molecule. 

The Structure of the Atom 1 

The great difference between the present theory in regard to 
the constitution of matter and that held when most of us were 
students seems to make no apology necessary for introducing a 
short discussion of this subject hero. 

The nineteenth century theory of the constitution of matter 
postulated indivisible bodies called atoms, with properties that 
were repeating functions of their weights, which weights 
represented (he proportions in multiples of which they com- 
bined with each other. The atom of hydrogen was supposed to 
be the smallest mass capable of existing. However, Crookes 
eventually showed that the cathode rays consist of negatively 
charged corpuscles the mass of which is less than one-thou- 
sandth that of a hydrogen atom. Later the Curies, Becqtte- 
rel, Rutherford and Soupy showed that the atoms of some 
elements were certainly unstable, and that they disintegrate 
spontaneously giving out negatively enarged corpuscles or 
electrons such as const itute Crookes’ cathode 1 rays (li particles), 
positively charged particles ( a particles) of the same mass as 
Indium atoms, and a radiation (known as -y-rays) that has since 
!>eon shown to consist of X-rays of short wave-length. 

It may here be noted that although the a and ft rays travel 
with speeds comparable with that of the X-rays that the last 
have the power of ejecting electrons from atoms, whereas the 
first two never do so. 

The basis of late nineteenth century chemistry was the “so- 
called” periodic law of Mendeleef, that the atomic weight of 
any element determines its properties, or, that the properties 
nf the elements are periodic functions of the atomic weight, 
ltoughlv, if the elements are arranged in recurring “octaves” 
according to increasing atomic weights, elements of similar 
properties fall in columns. While this is so generally true that 
Mendeeeef was enabled to prophesy the disccfvery of dertaiy 
elements with certain properties, it is not without its exceptions. 

1 This short discussion is largely founded on the papers by Da. Saul. 
Puhhman in the General Electric Review. 



Mendelejeff’s Periodic System op the Elements** 

(Containing Atomic Weights, Atomic Numbers and Isotopic Radioactive Elements) 
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* Be = Gl. t Cb = Nb. t Welsbach's aldebaranium, Urbain's neoytterbium. § Welsbach’s cassiopeium. Atomic weights 
listed in Bold figures. Atomic Numbers listed in Italics m parentheses. ** Courtesy, General Electric Review. 
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For instance, according t<3 atomic weight, iodine should^ come 
before tellurium, while according to its properties it comes after 
it. Argon and potassium form another such exceptional case. 
On the other hand we have elements of different atomic weights, 
yet inseparable chemically. These exceptions the newer theory 
of “atomic numbers” attempts to explain. 

Reverting to Mendeleeff’s work, and considering also the 
elements discovered since his time, if they arc arranged in order 
of increasing atomic weight it is observed that the first twenty 
elements have siindar properties at every eighth element. Thus 
sodium resembles lithium, phosphorus is like nitrogen and chlo- 
rine like fluorine. But beginning ^vith argon, we must pass over 
18 elements before we come to one similar to it (krypton), and 
then we have another group of 18 before we come to another 
like it, xenon. In the next series, however, comes a separate 
system, the rare earths, most of them so nearly alike chemically 
and physically that their separation is a matter of extreme 
difficulty. Then after another short group of normal elements 
come the radioactive elements, whose atoms disintegrate 
spontaneously in appreciable amounts in appreciable times. 
As said above, there arc discrepancies in any arrangement by 
atomic weight an^T the view is now held that it is a so-called 
atomic number that is the true factor in determining the prop- 
erties of the elements. In the table on p. 288, taken from the 
General Electric Review , are shown the elements, their atomic 
weights and the atomic numbers (in brackets). What these 
last are will be explained later (p. 295). 

In general the members of the 0 group are inert (valency 0); 
those of group 1 monovalent, E 2 C), EH; of group 2, divalent; 
etc. The members of the fifth, sixth and seventh groups pos- 
sess two sorts of valences: with II they form compounds of the 
type EH a, EH 2 and EH respectively, while with O, they form 
compounds of the t\^>e E/) 5 , E(b and E 2 0 7 respectively. 

The most electropositive elements are in group 1, the most 
electronegative in group 7, and in any given group, those of low 
atomic number are more electropositive than those of high. 
This property is connected with the tendency to give out 
electrons. ^A heated carbon ■ filament gives off negative elec- 
tricity, which J. J. Thomson showed was in the form of free 
electrons similar to those making up cathode rays. 

Richardson showed that platinum and other metals give off 
electrons when heated and that the number of electrons emitted 
increases rapidly as the temperature rises. For every metal 
there exists a “heat of vaporization” ( w ) which represents the 
amount of wofk required to separate an electron from the main 
body. rThe more electropositive the metal the smaller is w. 

When metals are illuminated by radiation of frequency v 
electrons arc emitted with a velocity v (photoelectric effect) 
^xpreksed by flhe equation }^mv 2 — Vc — hv — p where m = 
mass of<electron, e = charge on electron, h = 6.56 . 10- 27 erg. 
sec., jp = work necessary to get the electron out of the metal 
and V = retarding potential necessary to prevent emission. 
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Two types of inelastic collision between electrons and mole- 
cules df metallic vapor exist. One type results in a displacement 
of an electron in the atom and the other type in the removal 
of an electrop from the atom. The potential differences 
in volts through which an electron must fall to acquire the 
proper velocity to suffer these two types of collision are known 
as the resonance and ionization potentials of the metallic 
vapor. In many cases these potentials can be computed 
from a knowledge of v , some characteristic frequency in the 
spectrum of the metal. The following direct determinations 
by an electrical method are summarized by ^Footc and Mohler. 


Element 

Resor 

Theor 

ianee 


Ionization 

(Volta) 

etical 

Observed 

Theoretical 

Observed 

Li 

1 

84 


5.30 


Na 

2 

09 

2 i2 

5. 11 

5.i3 

K.. 

1 


1 . 55 

4 32 

4 1 

Rb 

1 

58 

1.6 

4 16 

4 I 

Cb. . . . 

1 

45 

1.48 

3 87 

3.9 

Mg 

2 

70 

2.65 

7 61 

7.75 

Ca 

U: 

84 

92 

f 1.93 
(3.0 

0 08 

6.04 

Zn 

4 

01 

4.1 

9.34 

9 5 

Cd . . . 

3 

78 

3 88 

8 95 

8.92 

v.* • 

4 

86 

4 9 

^10.38 

10.35 

1 

07 

1 07 


7.3 

Pb 



1 26 


8.0 

Ab 



4 7 


11.5 


From the facts above noted we may deduce that the electron 
is a constituent of all atoms, and that some atoms have a greater 
affinity for electrons than do others. The atoms with the low- 
est electron affinity are the most electropositive. There are also 
further considerations upon which are based calculations as to 
the number of electrons in the atom, some of which are dis- 
cussed below. 

High-frequency Spectra of the Elements 

When cathode rays of low velocity strike the surface of any 
metal, the latter emits a continuous spectrum of X-rays with 
wave lengths of about 1 X 10 -8 ern. The spectrum is cut off at 
an upper limit of frequency (F w *) which is connected with the 
maximum voltage of the X-ray tube by the relation. 

*V = hV m 

As the voltage of the tube is raised above a definite value, the 
anti-cathode material emits a characteristic X-radiation clas- 
sified according into three groups K , L and M. In 1913, 
N. G. J. Mosely measured the wave lengths of the K and L 
series for most elements and found that if to each element he 
assigned a number agreeing with its place in the periodic table 
(as far as Au = 79), then 

VV = a[N - No] 

where V is the frequency, a and N 0 are constants and N is the 
atomic number. According to Rutherford N is the magnitude 
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of the positive charge on “the nucleus of the atom and hence 
must also correspond to the number of electrons in the h.tom. 
since each electron carries a negative charge and on a neutral 
atom the number of negative charges must equal .the number of 
positive charges. 


Various Elements, Their Atomic Weights, and Wave- 
lengths op Their Characteristic X-rays 


Element 

t 

Atomic 

weight 

Wave-length 

Remarks 

Calcium 

40.1 

3.36 ,X 10“ 8 cm. 

3 09 X lO- 8 cm. 

Strong K radiation 
Weak radiation 

Titanium 

48.1 

2.76 X 10-8 cm. 
2.525 X 10-8 cm. 

Strong K radiation 
Weak radiation 

Vanadium 

51 . 1 

2.52 X lO" 8 cm. 
2.30 X 10-8 cm. 

Strong K radiation 
Weak radiation 

Chromium 

52.0 

2.30 X 10-8 cm. 
2.09 X 10-8 cm. 

Strong K radiation 
Weak radiation 

Manganese. 

54.9 

2.11 X 10-8 cm. 
1.92 X 10-8 cm. 

Strong K radiation 
Weak radiation 

Iron 

55.9 

1.945 X 10-8 cm . 
1.765 X lO -8 cm. 

Strong K radiation 
Weak radiation 

Cobalt 

59.0 

1.80 X lO -8 cm. 

Strong K radiation 

0 


1.63 X 10-8 cm. 

Weak radiation 

Nickel . 

58.7 

1 66 X 10-8 cm. 
1.505 X 10-8 era. 

Strong K radiation 
Weak radiation 

Copper 

03.6 

1.55 X 10-8 cm. 
1.40 X 10-8 cm. 

Strong IC radiation 
Weak radiation 


The various constants of the electron as 
Millikan are as follows ( Proc . Nat. Acad, 

The electron e = 4 774 

The Avogadro constant N =6 062 

Number of gas mols per cc at 0°, 76 cm n = 2 705 
Kinetic energy of translation of a mol at 0° Bo = 5.621 
Change of translational nf >1. energy per #, C. = 2 058 

Mass of an atom of II . m = 1 662 

Planck’s element of action h -= 6 547 

Wien const, of spectral radiation . . ('t = I 4812 

Stcfan-Boltzinann const of total radiation. . = 5 72 

Crating spacing in calcite . . .... d — 3 030 

Diameter of atom, average, about =20 

Mass of an elytron =9.01 


determined by R. A. 
. Sci., vol. 3, p. 314). 


± 0 005 X 
i 0 006 X 
± 0 003 X 

± 0 006 x 
± 0 002 x 

± 0 002 X 
± 0 013 x 
± 0.0030 
f 0 034 x 
± 0.001 A 
X 
X 


lO-io 

1023 

10 « 

10 - 1 * 

10 - 1 # 

10-24 

10-27 

10- »a 

10 -» 
10 =8 


Radioactive Phenomena 

The periodic table indicates that as the atom becomes more 
and more massive, there is a periodic recurrence of the same 
arrangement of the outermost electrons in the atom. The 
observations on high frequency spectra and scattering of alpha 
particles lead to the conclusion that the positively charged 
nucleus ifc of extremely small dimensions compared with those 
of the atom itself, and furthermore, that the chemical prop- 
erties ^of the elements depend only upon the magnitude of 
the positive charge on the nucleus. 1 

1 The diameter of the nucleus is probably less than Koo.ooo the diameter 
of the atom, yet the nucleus contains practically the entire rnasB of the 
atom. 
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We now pass to the discussion of observations which show us 
that not only is the atomic weight of but secondary significance 
in determining the position of an element in the periodic table 
and that we *may nave several atomic weights for the same 
element, but that the structure of the nucleus itself is quite 
complicated. 

It has already been mentioned that in the radioactive ele- 
ments discovered by Becquerel and Mme. Curie, we have 
unstable atoms which disintegrate spontaneously, as has been 
shown conclusively by Rutherford and S*)ddy. After a cer- 
tain average period of existence, which may range from over a 
thousand years, as in the case of uranium ( Ui ) to a millionth 
of a second, as in the case of RaC i, the atom undergoes a 
sudden explosion and yields an atom which possesses totally 
distinct properties. The disintegration is detected by the 
expulsion either of alpha or of beta particles. 1 Accompanying 
the expulsion of beta particles there is also observed in a number 
of cases, an emission of gamma rays. These are electromagnetic 
pulses of extremely short wave-length (about 10~ 9 cm.) and 
are probably due to the bombardment of the atoms of the radio- 
active substance itself by the beta particle^. 

Further investigation has shown that the rate at which 
these atoms disintegrate is absolutely uninfluenced by any 
of the factors, such as temperature, pressure, illumination 
with ultra-violet or X-rays, etc., which are used in controlling 
the rate of ordinary chemical and physical reactions. 

Since the disintegration of any atom always yields an atom 
occupying a different place in the periodic table we must con- 
clude that the change actually occurs in the nucleus itself. 
Furthermore, as electrons and alpha particles are emitted dur- 
ing the disintegration, it follows that the nucleus, small as it 
is, consists of negatively chrjnged corpuscles and helium nuclei, 
packed close together. How is it possible for positive and 
negative charges to remain in equilibrium under such condi- 
tions? Probably Coulomb’s law fails completely for distances 
as small as those which exist inside the nucleus. It may indeed 
become reversed; that is, positive and negative charges repel 
each other at distances which are less than 10" 13 Cfn. 

It has been found that each of the radioactive products 
belongs to one of three well-defined disintegration series whose 
starting points are uranium, thorium, and actinium respectively. 
Fig. 1 illustrates diagrammatically the manner in which the 
members of these series appear to be related. 

When mesothorium II disintegrates, it yields radiothorium 
and as a beta particle is expelled during the transformation 
there is no change in atomic weight. Radiothoriunt is chem- 
ically allied to thorium and non-separable from it. These 
facts lead to the conclusion that radiothorium belongs tq Group 
IV and mesothorium II must therefore belong to (group lit. 

1 The Alpha particle has the same mass as an atom of helium; but differs 
from the latter in possessing two unit positive charges, 2E = 0.64 X 10 
E S.U. The beta particles correspond in mass and electric charge to the 
•electrons, units of negative electricity, E »= 4.77 X 10 E.S.U. 
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Fig. 1. — Method of disintegration of radioactive elements. 
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PaaBing to thorium X, we here again come to an element 
which is chemically similar to radium, thus placing it in Group 
II. The atom of thorium X expels an alpha particle and yields 
thorium emanation, a gas which is inert chemically , and con- 
denses at low pressures between — 120°C. and — 150°C. The 
emanation resembles, therefore, the rare gases of the argon 
group. 

Thorium emanation is the first member of the group of 
transformation products that constitute the thorium “active 
deposit.” They are indicated in Fig. 1 as thorium A, B, C 1 , C 2 
and D. 

The most noteworthy feature about these products is the 
fact that individual members of each scries appear to be chem- 
ically indistinguishable from certain members of the other 
series. Owing, however, to the difference in previous history 
of these atoms, they possess different atomic weights and also 
differ in period of existence. In other words, we have here 
cases of elements that are absolutely inseparable by all chemical 
methods so far devised, and yet differ in that respect which 
has hitherto been taken to be the most important characteristic 
of an element — its atomic weight. Som^, who has drawn 
attention to these cases, has named these products isotopes , 
since they occupy the same place in the periodic table. As 
shown in the table in Fig. 1, there are three other isotopes of 
thallium, and no less than six isotopes of lead. These results 
arc thus in accord with the conclusion already advanced above, 
that the most characteristic projjerly of any element is its atomic 
■number , and not the atomic weight. The different isotopes of 
any element may therefore be regarded as consisting of atoms 
which are all alike as far as the number of electrons, their 
arrangement, and the charge on the nucleus; but the arrange- 
ment of electrons and alpha particles in ihe nucleus of each of 
these atoms is evidently not the same. lienee arise the differ- 
ences in mass and average life. 

Soddy’s Law of Sequence of Changes. — A comprehensive 
survey of the chemical properties of the different radioactive 
elements has lead Soddy and Fa janr independently to an inter- 
esting and extremely important generalization wlfich enables 
them to assign these isotopes to their places in the Periodic 
Table. 

It will be remembered that an alpha particle is a helium atom 
with two positive charges. By its expulsion, therefore, the 
atom must lose two positive charges, and the atomic weight 
must decrease by four units. Similarly, the expulsion of a 
beta particle means the loss of a negative charge or, what is 
equivalent, the gain of one positive charge; and since*the mass 
of the beta particle is extremely small compared with that of 
the atom, there is practically no decrease in atomic weight. 
Now in the Periodic Table the valency for ox^en, an electro- 
negative element, increases regularly as we pass from* Group 0 
to Group VIII, while that for hydrogen, an electropositive 
element, decreases, i.e., the electropositive characteristic 
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increases by one unit for each change in the group numbeaas we 
pass in any series from left to right. Furthermore, in each 
group the electropositive character increases regularly with 
increasing atomic weight. 

These considerations led Soddy and Fajans to this conclusion : 

The expulsion of an alpha particle from any radioactive ele- 
ment leads to an element which is two places lower in the Periodic 
Table (and has an atomic weight which is four units less) while 
the emission of a beta particle leads to an element which is one place 
higher up, but has«the same atomic weight. 

It is possible, therefore, to have elements of the same atomic 
weight Ibut possessing distinctly different chemical properties, 
ana* on the other hand, since .the effect of the emission of one 
alpha particle may be neutralized by the subsequent emission of 
two beta particles, it is possible to have two elements which 
differ in atomic weight by four units (or some multiple of four) 
and yet exhibit chemically similar properties. 

As an illustration, let us consider the Uranium Series. 
Uranium 1 belongs to Group VI. By the expulsion of an alpha 
particle we obtain uranium X\, an element of Group IV. This 
atom in turn di sin grates with the expulsion of a beta particle. 
Consequently uranium AT 2 must belong to Group V. In this 
manner we can follow the individual changes that lead to the 
different members of the series, and by means of the generaliza- 
tion of Soddy and Fajans we cannot only assign to each element 
its place in the Periodic Table but also its atomic weight, as has 
been done in Fig. 1. 

This generalization has been of material assistance in elucidat- 
ing some of the difficult problems in the study of the disintegra- 
tion series. More than this, it has led to the intensely 
interesting conclusion that the end product of each of the three 
radioactive series in can isotope *of lead. The results of the 
most recent work on the atomic weight of lead are in splendid 
accord with this deduction, as it has been found that lead which 
is of radioactive origin, has a slightly lower atomic weight than 
ordinary lead. 1 

In a comde of cases the isotope has not been definitely 
isolated, but there can hardly be any doubt of its existence. 
Thus, the disintegration product of radium C 2 must be an ele- 
ment of Group IV, but the evidence for its existence is very 
meager. 

General Conclusions Regarding the Structure of Atoms 

It is obvious that any theory of the structure of the atom 
which w£ can form at present must be regarded as only a first 
approximation. But there are some conclusions which can be 
drawi^ with ascertain degree of assurance from the above 
observations. 

First, the smallest mass of which we have knowledge is the 
electron. This either carries a unit negative charge or the 

1 J. Am. Cherr,. Soc 36, 1329, 1914. 
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unit negative charge (4.77 X 10“ 10 e.s.u.) actually constitutes 
the mass, which is about Hsoo the mass of the hydrogen atom. 
Its radius would be about 2 X 10“ 13 cm. 

The unit positive charge is identical with the hydrogen ion. 
Its mass is 1. When it engages with a single negative charge 
it becomes a hydrogen atom. All others of the so-called 
elements consist of hydrogen ions forming a nucleus, a corre- 
sponding number of electrons revolving about them, and a 
number of extra hydrogen or helium atoms known as “the 
packing.” 

The hydrogen ion is often called a proton, and the number 
of protons in an atom determines the atomic number. 

The atom is therefore a miniature planetary system, consist- 
ing of a charged nuclear sun about which revolve the electrons, 
each carrying or consisting of a negative charge, — e. The 
charge on the nucleus is + Ze, where Z is the atomic number. 
The electrons are arranged in different groups, known as shells, 
of different binding energies. In a solid, these atoms are 
vibrating about their equilibrium positions, with a frequency 
of about 6 X 10 12 cycles per second. Molecules are made up 
of one or more atoms. Those elemen^ found as gases at 
ordinary temperatures consist of molecules of 2 atoms each, 
except those of the rare gases, which are monatomic. Volati- 
lized metals have monatomic vapors. 

As to the “packing,” there is much discussion. Sir Ernest 
Rutherford believes it to be held closely about the nucleus 
— inside the nearest of the electron orbits, and whether it does 
consist of hydrogen and helium atoms is sometimes questioned. 1 

The important matter is, that there is a nucleus of protons, 
a number of free electrons equal to the number of the protons, 
and a number of combined protons and electrons (probably 
helium and hydrogen). T4ic free elecVons in the outer shell 
are those which produce chemical reactions, and there appar- 
ently cannot be more than eight in a shell, after which a new 
series begins with a shell further out, thus accounting for 
Mendeleef’s “octaves.” 

Why the atomic weight of ^hydrogen is 1.008 instead of 1 
is apparently due to a certain energy of the iree electron 
which is lost when the protons, electrons, and hydrogen and 
helium atoms set up joint establishments. But after getting 
to helium, all atoms should have integral weights. 

That they do not is explained by the existence of isotopes. 
If different atoms of the same element have different atomic 
weights but similar chemical reactions, they are isotopes. Thus 
we have lead atoms with the same number of free positive 
charges within and of electrons without the nucleuif, but with 
a varying number of these bound subatomic couples or positive 
and negative charges packed about the nucleus. Jsotopes 
are atoms which have the same atomic numoer — that is, 'jhe 
same number of free positive charges within the nucleus and 

1 It iB interesting to note that there is apparently an element of atomic 
. weight 3, nebulium, in some of the nebuhe, which may be the packing of 
some of the elements of higher atomic weight. 
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opposed electrons outside it — but not the same number of 
hydrogen or helium atoms packed about the nucleus. There- 
fore, the atomic weights of isotopes differ. And while each 
atom is integral, mixtures of isotopes give fractional weights. 
Even if we had equal portions of actinium lead 206, common 
lead 207, thorium lead 208 and radium lead 210, we should 
have an atomic weight of the mixtures of 207.7 and there is 
nothing to make the proportions of the different isotopes 
either constant or equal. So we generalize by saying that 
fractions in atomic ^weights are due to mixtures of isotopes. 

We must beware not to confuse isotopes with allotropio 
modifications such as is shown in *the various forms of phos- 
phorus and sulphur. There we have different geometrical 
arrangements of atoms within the molecules or crystals. In 
isotopes the differences are confined to the packing about the 
nuclei of the atoms. And we must not confuse the presence 
of isotopes with processes of radioactivity. When free positive 
charges and entrained electrons arc thrown from a radium 
atom, for instance, the atomic number is reduced, and we have 
the transmutation of an element, the new element ceasing to 
be isotopic with the/irst. 

It stands to reason that all the various isotopic forms of 
lead have the same chemical properties, because chemical 
properties arc on the outside of the atom. We have in chemical 
activity exchanges of electrons on the outer shells of atoms, 
the holding of pairs of electrons in common by combined atoms 
and the wandering of electrons from one atom to another, 
thus producing ions, but in chemical processes the free positive 
charges in the nucleus and the H and He atoms packed within 
or about it are not disturbed. In radioactivity they are shot 
off, but not in chemical processes. So it is generally agreed, 
and it would seem fai^to say, that the chemical properties of 
all the isotopic variations of an clement are the same. 

There is no reason why atoms of different elements should 
not have the same mass or atomic weight, and indeed this is 
so, especially among the heavier elements. For instance, 
radium D, actinium C and polonium all have the atomic weight 
of 210, but nave as atomic numbers respectively 82, 83, and 84. 
These are not isotopes. They are called isobares. 

Aston’s Great Work 

Very important in the field of isotopes is the work of Prof. 
F. W. Aston of Cambridge University. He tried, in 1914, 
to break up a. gaseous element that shows a considerable 
deviation *from an integral number in its atomic weight, and 
began with neon, using diffusion methods. He believed it 
consisted of mixed isotopes of atomic weights 20 and 22, and 
his experiments f confirmed him in this belief. The method of 
diffusion fs very slow, and he followed this work by the use of 
Sir J. J. Thomson’s method of positive ray analysis, and 
he then brought out the amazing conclusions that no fewer. 
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than, twenty elements consist of mixed isotopes the mass of 
each of which is invariably a whole number. A memorandum 
of these may be of interest. 


Element 

Atomic 

no. 

Atomio 

wt. 

Minimum 
number of 
isotopes 1 

Masses of isotopes in 
order of their 
intensity 1 

H . 

1 

1.008 

1 

1 008 

He . 

2 

3 99 

1 

• 4 

B 

5 

10 9 

2 

11, 10 

C 

6 

12 , 

1 

12 

N 

7 

14.01 

1 

14 

O 

8 

16 

1 

16 

F 

9 

19 

1 

19 

No . 

10 

20 2 

2 

20, 22, (21) 

Si 

14 

28 3 

2 

28. 29, (30) 

P 

15 

31 04 

1 

31 

s 

16 

32 06 

1 

32 

Cl 

17 

35 46 

2 

35, 37, (39) 

A 

18 

39 88 

(2) 

40, 36 

As 

33 

74 96 

1 

75 

Br 

35 

79 92 

2 

79, 81 

Kr 

36 

82 92 

6 

84, 86, 82, 83, 80, 78 

1 

53 

126 92 

1 ‘A 

>127 

Xe 

54 

130.2 

5 (7) 

129, 132, 131, 134, 136, 
(128, 130?) 

Hg ... 

80 

200.6 

(6) 

(197 to 200), 202, 204 


1 Numbers in parenthesis arc provisional only. 


Lithium proved to be a mixture of isotopes 6 and 7. Sodium 
is simple, apparently only of 23. Potassium shows a strong 
line at 39. and a weak one at 41. Rubidium shows two, at 
85 and 87, respectively. Although the atomic weight of cae- 
sium, 132.81, indicates complexity, no line except that at 133 
has been distinguished. • * 

Prof. W. D. Harkins undertook the search for isotopes 
of chlorine, the atomic weight of which remains persistently 
around 35.5 and has always stood in the way of any hypothesis 
of integral weights. He used the diffusion method, and des- 
scribed it in the Journal of the American Cherrdcal Society , 
August, 1921, vol. 43, No. 8* Since the speeaof diffusion 
varies inversely as the square root of the density, it stands to 
reason that by shooting Cl, for instance, through a porous 
material, the lighter isotopes, if present, will tend to pass 
through more rapidly than the heavier. And the fruit of 7 
years’ labor is confirmatory of this. Repeated experiments 
showed the remaining chlorine which did not pass through the 
porous material to increase in atomic weight in the measure 
of 0.0318. • 

His first effort at separation was by means of a centrifugal 
machine, which was unsuccessful, but by employing diffusion 
apparatus, using churchwarden pipe stems and special tubes 
ol clay, a separation of chlorine into heavier and lighter frac- 
tions was accomplished. He calculated the proportion of 
•isotopic chlorine having the atomic weight of 37 derived from 
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the £ure HC1 which he put through the apparatus to be 23 per 
cent. 

Br5nsted, of Copenhagen, evaporated mercury in vacuo 
upon a surface cooled by liquid air. It stands to reason that 
the lighter atoms which are single in mercury vapor would 
evaporate more readily and condense on the cool surface, and 
he actually found that the density of the condensed fraction 
was slightly less than the residue. 

As an example of the force needed to drive satellites of 
hydrogen from nitrogen atoms as achieved in Rutherford’s 
experiment by the impact of alpha particles from radium C 
upon the nuclei of nitrogen. atoms, it is computed that if the 
base of each impact were magnified to 1 cm. square, there 
would be a blow of 10 27 in kilograms. That’s a billion times a 
billion times a billion times 2.2 lb. and then a lot more, on 
.something the size of a child’s thumb nail. 

Examples of the manner in which the properties of the ele- 
ments are progressive; functions of the atomic nuclei are shown in 
the tables of the Ca-Sr-Ba, and Fl-Cl-Br-I families which follow: 


Element 

Calcium 

Strontium 

T^arium 


Atomic mass 

40 

88 

137 


Specific gravity 
Carbonate disso- 
ciates; tempera- 

1.0 

2 5 

3.6 


ture 

Crams of hydrox- 
ide soluble in a 
liter of water at 

ftfXT C. 

1100°C. 

1400°C. 


15°C. . 

Heat of forma- 
tion of chloride; 

1 32 

18 

50 


units 

170 

185 

» 

195 



Element 

Fluorine 

Chlorine 

Bromine 

Iodine 

Atomic mass .... 

19 

55 5 

80 

, 127 

Boiling tempera- 




ture. . ... 

— 187°C. 

- 33°C | 

59° C 

184°C. 

Specific gravity . . 
L'mon with hydro- 
gen takes place. 

1 15 (liquid) 

1.5 (liquid) 

3 2 (liquid) 

5 (solid) 

In the dark 
at ordinary 
tempera- 
tures. 

In sunlight 

At red heat. 

At red heat 
but incom- 
pletely. 

Heat of formation 
of hydrogen 

37 6 heat 
units. 

22 

8 

-6 1 

compound. 





St ability of hydro- 
gen compound 

Most stable. 

Decomposed 
at 1500°C. 

Decomposed 
at 800°C. 

Decomposed 
at 180°C. 


The “atomic volume” is defined at the number of cubic 
centimeters occupied by a mass equal to the atomif! weight, 
divided by the density. Small atomic volumes will in general 
indicate iow coefficients of thermal expansion, high boiling 
■points, and high heat of vaporization. 
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International ’Atomic Weights, 1930 


Element 

Symbol 

Weight 

Val- 

ence 1 

Electro- 
chem. equi- 
valents, g. 
per amp.- 
hr. 

Melting 
points deg. C. 

Boiling 
points 
aeg. C. 
visible 
ebulli- 
tion 

Aluminum. . 

A1 

20.97 

3 

0 . 3353 

658.7 

1800.0 

Antimony. . . 

Sb 

,t21.77 

3 

1.5133 

030 5 

1460.0 

Argon. . 

A 

39 94 

0 


-189.2 

-186.0 

Arsenic. . . . 

As 

74.93 

3 

6 9322 

814 

460.0* 

Barium . . 

Ba 

137 30 

2 

». 5025 

850.0 


Beryllium 

Be 

9.02 

2 


1350 


Bismuth . . . 

Bi 

209 0 

3 

2.5991 

271 0 

1440.0 

Boron . . . 

B 

10 82 

3 


2300.0 

3500* 

Bromine . 

Br 

79 92 

1 

2 98 i 7 

- 7.2 

58.75 

Cadmium 

Cd 

112.41 

2 

2 . 0909 

320.9 

778.0 

Caesium . 

Cs 

132.81 

1 


26.0 


Calcium . . 

Ca 

40.07 

2 

0.7475 

810.0 


Carbon . . . 

C 

12.00 

4 

0 1115 

>3500.0 

3700 

Cerium . . . 

Ce 

140.13 

4 


640 


Chlorine . . 

Cl 

*35 40 

1 

1 3229 ! 

-101.0 

- 37.6 

Chromium . 

Cr 

*52.01 

3 

0.0408 

1615 

2200.0 

Cobalt. . 

Co 

58 94 

2 

1.1000 

1010 3 


Columbium . 

Cb 

93 1 

5 


1950 


Copper 

Cu 

03 57 

2 

i . 1858 

1083.0 

2100 0 

Dysprosium 

Dy 

102 40 





Erbium . . . 

Er 

107 74 


! 



Europium. 

Eu 

152.0 





Fluorine 

F 

19 0 

1 

0 7089 

-223.0 

-187 0 

Gadolinium 

Gd 

157 26 





Gallium 

Ga 

09 72 

3 


29 8 


Germanium 

Ge 

72.60 

4 


958.5 


Gold 

Au 

19? 2 

3 

S 4524 

1063.0 

2100 

Hafnium 

Hf 

178 0 

4 




Helium. . 

He 

4 002 

0 


<- 272 2 

-208.8 

Holmiuiu 

Ho 

103 5 





Hydrogen 

H 

1 008 

1 

0 03701 

-259. 1 

-252.8 

Indium. . . 

In 

114 8 

3 


155 0 

1000 

Iodine. . . 

» I 

120 93 

1 , 

4 7355 

113 5 

184.34 

Iridium 

Ir 

193 1 

4 


2350 0 

2850 

Iron 

Fe 

55 84 

2 

1 0410 

1535 

2450.0 

Krypton . . . 

Kr 

82.90 

0 


-109.0 

-151.7 

Lanthanum 

La 

138 90 

3 


826 0 


Lead. . . 

Pb 

207 22 

o 

3 805 i ' 

327.5 

1525.0 

Lithium . 

Li 

0.94 

1 

0 2589 

180 0 

500 

Lutecium 4 

Lu 

175.0 





Magnesium 

Mg 

24 . 32 

2 

0.4537 

651.0 

1120.0 

Manganese* 

Mn 

54 93 

2 

1 0247 

1260 

1900.0 

Mercury . 

H g 

200.61 

2 

3 7422 

-38 87 

357.0 

Molybdenum 

Mo 

96.0 

2 

1 7908 

2020.0 

3350 


€ In those caBos in which a metal has two valences, the valence given corre- 
sponds to fine electrochemical equivalent, and may not necessarily be the 
commoner one. 


3 Sublimes. * Commercial metal about 1480°C. 4 Or casaeiopeium. 
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^International Atomic Weights, 1930. Continued 


Element 

Symbol 

Weight 

Val- 

ence 1 

Elecfcro- 
chem. equi- 
valents, g. 
per amp.- 
hr. 

Melting 
points deg. C. 

Boiling 
points 
aeg. C. 
visible 
ebulli- 
tion 

Neodymium 

Nd 

144.27 

3 


840 0 


Neon 

No 

20.18 

0 


• -348 7 

-239 

Nickel 

Ni 

58.69 

2 

1 0948 

1452 ± 3 

2450 

Niton 

Nt 

222 0 

• 0 




Nitrogen. . . 

N 

14 008 

3 

0 1712 

-209.9 

-195.7 

Osmium. . . . 

Os 

190 8 

4 


2700.0 

2950 

Oxygen 

O 

16 00 

2 

6.2985 

-218.4 

-183.0 

Palladium. . 

Pd 

106 7 

2 

1 . 9904 

1555.0 

2640 

Phosphorus. 

P 

31 02 

5 


44.1 

287 0 

Platinum . . 

Pt 

195 23 

4 

1 8209 

1755 0 

2650 

Polonium . . 

Po 

210 

C 


1800 0 


Potassium. . 

K 

39 095 

1 

i . 1586 

62.3 

667 0 

Praseody- 







mium. . 

Pr 

110 92 

3 


940.0 


Radium . , 

Ra 

225 97 

2 


* 960.0 


Radon 

Rn 

222 



- 71 0 


Rhodium . . 

Rh 

102 91 

4 


1955 0 

2750 

Rubidium. 

Rb 

85 44 

1 


38 5 

696 

Ruthenium 

Ru 

101 7 

4 


2450 0 

2780 

Samarium. . 

Sa 

150.43 

3 


1350.0 


Scandium. . 

Sc 

45 1 

3 


1200 0 (?) 


Selenium. . . 

Se 

79 2 

2 

1 4774' 

218 5 

690 0 

Silicon 

Si 

28 06 

4 

0 . 2617 

1420 0 

3800 

Silver 

Ag 

107 88 

1 

4 0248 

960 5 

1955,0 

Sodium 

Na 

22 997 

1 

0 8580 

97 5 

742.0 

Strontium. . 

Sr 

87 63 

2 

1 6334 

>800 


•Sulphur. . 

S 

32 06 

» 2 

0 5981 9 

112 8 - 119.0 

444 5 

Tantalum. . 

Ta 

181 5 

5 


2850 0 


Tellurium. . . 

Te 

127 5 

2 

2 3783' 

452.0 

1390.0 

Terbium. . . . 

Tb 

159 2 

3 




Thallium. . . 

T1 

204 39 

3 


303.5 

1700 0» 

Thorium. . . . 

Th 

232 12 

4 


1845.0 


Thulium .... 

Tm 

169 4 





Tin. 

Sn 

118 70 

2 ' 

2 2142 

; 231 .‘9 

2270.0 

Titanium. . . 

Ti 

47 9 

4 

0.4468 

1800.0 

2700 

Tungsten . . 

W 

184 0 

6 

1 1116 

3267 

3700 

Uranium . . . 

U 

238 14 

6 


<1850 0 

3100 

Vanadium. . 

V 

50 96 

5 


1710 0 


Xenon 

Xc 

130.2 

0 


-140.0 

-109 0 

Ytterbium. . 

Yb 

173 6 

n 


1800 0(?) 


Yttrium .... 

Yt 

88 92 

u 

3 


1490 0 


Zinc 

Zn 

65 38 

2 

1 2i96’ 

419 4 . 

907.0 

Zirconium... 

Zr 

91.22 

4 


1700 0 

' 


1 In those cases in which a metal has two valences, the valence gi^n corre- 
sponds to the electrochemical equivalent, and may not necessarily be the 
commoner one. * Also given as 1280°C. * 
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A SHORT ACCOUNT OF THE COMMON ELEMENTS 1 

Aluminum. — Atomic weight, 26.96; tri valent; sp. gr., cast, 
2.56; rolled, 2.66. A silver-white metal; breaks with crystalline 
fracture. Melts at 657°C.; volatilizes at a very high tempera- 
ture; specific heat from 0° to 100°C., 0.2270 (mean); latent 
heat of fusion, 100 cal. ; coefficient of linear expansion, 0.0000231 ; 
heat conductivity, 31.33 (Ag = 100). Is friable at 530°C. 
The tensile strength of cast aluminum is about 15,000 lb. per 
sq. in., but this irujy be increased by drawing to 35,000 lb. per 
sq. in. Its conductivity is about 58 (Ag = 100). 

The metal cannot be reduced /with carbon except at very 
high temperatures; but forms a carbide AI 4 C 3 ; and a nitride 
AIN. It is reduced by sodium from its compounds. Said 
to be paramagnetic, susceptibility 0.6 X 10” B . Is very 
malleable between 100° and 150°C. Is notable for the lightness 
of its alloys, and for its energetic reduction of oxides 01 other 
metals (thermit process). It cannot be produced by direct 
electrolysis in aqueous solution but is deposited electrolytically 
from a solution of its oxide in cryolite. The oxide forms the 
base of most artificial gems. 

Antimony. — Atofric weight, 121.8; tri valent usually; sp. gr. 
6.71; melts at 632°C., and volatilizes at about 1,500°C. Is 
in no degree malleable or ductile; its electric conductivity is 
4.2 (Ag = 100). Has extremely crystalline structure; coeffi- 
cient of linear expansion, along axis 0.0000168; normal to axis 
0.0000089. It may readily be crushed to powder. Hydro- 
chloric acid has a slight solvent action on it; nitric acid converts 
it to the pentoxide; sulphuric acid first oxidizes it and then 
converts it to sulphate. Chlorine reacts directly with the 
metal, forming anhydrous chloride. The classic process for 
the recovery of antimony is its liquation as sulphide, SbgSs, 
from rich ores and ' oho subsequent throwing down of the 
antimony by melting with scrap iron. It is also recovered by 
subjecting the ore to an oxidizing roast, driving off the anti- 
mony in fume, which is caught and reduced to metal. Anti- 
mony can also be recovered by lixiviation of the ores with 
sodium sulphide, obtaining either Na 3 SbS 3 or NasSbSi. From 
these solutions it can be regained either chemically or by 
electrolysis. Another important source of antimony is in 
refinining argentiferous lead. Before mixing in zinc for the 
Pattinson process the lead is oxidized slowly for some time to 
purify it (softening process). The slag thus formed runs high 
in antimony from which it is recovered as antimonial lead. 

In refining 'crude antimony (not hard lead) the crude metal 
is fused with 8 to 12 per cent, of Sb 2 S 3 and 4 to 5 per cent, of 
NaCl to bring it up to 98 to 99 per cent., and then it is given a 
final purifying by “starring,” in which it is melted in the 
presence of SbA and soda ash. No iron must be allowed to 
£et into ;,t during this process; so the iron ladles, etc., are kept 
well covered with whitewash. 

1 For the ordinary properties, Bee the preceding table. 
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Argon. — Occurs in the air to th(J extent of 0.935 per cent. 
It can be prepared by passing atmospheric nitrogen, free from 
oxygen and moisture, over red-hot magnesium ribbon; magne- 
sium nitride is thus formed while the argon does not combine. 

Arsenic. — Atomic weight 74.96; trivalent usually; sp. gr., 
crystalline 5.73, amorphous 4.71; a brittle steel-colored metal, 
volatilizes at 450°C., without melting. The metal and the 
pentavalent compounds are not poisonous, but the metal easily 
oxidizes and the pentavalent form easily reduces to the 
extremely poisonous trivalent form. For,jns a very volatile 
hydride AsIL, which serves as the basis for the famous Marsh 
test. Most of the arsenic on the market is recovered from flue 
dust, in which the arsenic concentrates. This is roasted in 
reverberatorics and the roasted arsenious oxide condensed in 
large chambers. 

Barium. — The properties of this metal are still in doubt, 
as it is probable that it has not yet been prepared in a high 
degree of purity. The impure form is prepared by reducing 
the oxide with magnesium. The peroxide, BaC> 2 , formed by 
heating BaO to 500°C. in the presence of air, serves as the basis 
of hydrogen peroxide manufacture. At a still higher tempera- 
ture it again gives off oxygen. 

Beryllium. — Atomic weight, 9.02; bivalent; sp. gr. 1.842. A 
hard, lustrous, white, malleable metal. Melts at 1278°C. Does 
not volatilize at 1900°C. Hardness, over 6. Bums like mag- 
nesium when in powder or ribbon. Withstands water better 
than magnesium, but this apparent inertness may be due to a 
film of oxide. Prepared by electrolyzing a mixture of sodium 
and beryllium fluorides, or by decomposition of the fluoride by 
sodium, potassium or magnesium. Is also produced ) y the 
electrolysis of sodium-beryllium fluoride at 200°C., followed by 
smelting the flaky metal produced. Has highest heat of fusion 
of any metal, 277 cal. Derives its formed name, glucinum, from 
the sweetish taste of its compounds. 

Bismuth. — Atomic weight, 209; trivalent; sp. gr., 9.80; 
the metal is neither malleable nor ductile; it melts at 266 °C. 
and volatilizes between 1100 and 1450°. Electric conductivity, 
1.3 (Ag = 100). This metal is* remarkable in that it expands 
on solidifying; its sp. gr. is about 10.055 just above the melting 
point. It is the most diamagnetic material known. _ Is 
obtained: (1) by liquation in crucibles or retorts of ores carrying 
native bismuth; (2) by reduction processes, using NaaCOa as a 
flux, beside CaO and FeO, since the fusion temperature of the 
slag must be low; (3) as a by-product of electrolytic lead 
refining; (4) as a by-product of steam Patti nsonizing (Hulst 
process); (5) as a result of the wet treatment of thejast oxide 
coming from the cupellation of lead-silver bullion. Some of its 
alloys melt at remarkably low temperatures (see fusible metals 
under “alloys”). * * ;J 

Boren. — The element is found in nature as boric* acid and 
borax. It is obtained by reduction as a brown amorphous 
powder, which, on dissolving in molten aluminum, separates 
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on cooling in crystalline forto, said to rival the diamond in hard- 
ness. The suboxide is an energetic deoxidizer, recommended 
by Weintraub for insuring high-conductivity copper castings. 

Bromine. — Occurs in the mother liquors of certain salt-wells 
in the United States and at Stassfurt, Germany. It is liberated 
from these liquors by the action of chlorine, or by direct elec- 
trolysis. It is, at ordinary temperatures, a fuming red liquid 
of unbearable odor, from which it takes its name. It is more 
active than iodine and less than chlorine. 

Cadmium. — Atomic weight, 112.4; always bivalent; sp. gr., 
cast, 8.60; white metal of bluish tinge, intermediate in hardness 
between tin and zinc. Melts at 3?0°C.; boils at 778°C., so can 
be separated from zinc by volatilization. Is precipitated from 
solution by zinc. Is remarkable for its fusible alloys: thus, 
2 parts Bi, 1 part Sn, 1 part PI) melt at 93.75°C.; but with 
10 per cent. Cd added melt at 75°C., while Cd 14.3, Sn 19.0, 
Pb 33.1 and Bi 33.6 melt at 60°C. Its metallurgy is simply 
that of a by-product of zinc. It is greatly concentrated in the 
first zinc dust formed in roasting the ores. The cadmium may 
then be freed from the zinc in a wet way owing to the fact that 
cadmium is precipitated from neutral solution on metallic zinc. 
The cadmium may^then be redissolved and the cadmium freed 
from the last zinc by electrolysis, if a very pure metal be desired. 
If this is not necessary, advantage is simply taken of the fact 
mentioned above, that Cd() is more volatile than ZnO, and also 
that CdO reduces at a lower temperature than does ZnO, and 
that Zn precipitates Cd from neutral solution. 

Caesium. — Of no commercial value. Atomic weight, 132.8. 
Discovered by Kirch off in the Durkheun mineral water. Its 
spectrum contains two characteristic blue lines, whence its 
name. 

Calcium. — Atomic weight, 40.07; bivalent; sp. gr., 1.55. A 
lustrous, silvery-white^brittle metal. It is less malleable than 
the alkali metals; shows a crystalline fracture. It melts in 
vacuo at 810°C. It forms a hydride, Culls; a nitride, CaxNs 
and a carbide, CaCs. It is a powerful deoxidizer. Cannot be 
reduced by carbon. The metal can be cut. with a knife and 
will scratchpad but not. calc spar. 

Cerium. — Atomic weight, 140.25; sp. gr., 6.77. It has an 
iron-gray color, is soft., being somewhat harder than lead, is 
malleable and easily rolled. Fuses at about 800 °CJ. Its most 
remarkable property is that of combining with heavy metals, 
such as iron or copper, to form dense but easily oxidizable 
alloys (the pyrophoric alloys). Fine wire made from the 
metal burns with a brilliancy even exceeding that of mag- 
nesium. #Tt dissolves easily in dilute acids, but only to a limited 
extent in cold concentrated sulphuric or nitric acid. It will 
reduce the oxides of most metals or metalloids. On filing or 
scraping cerium •with a knife, the filings or scrapings will take 
fih?. It (fin be prepared by fusion of the anhydrous chloride, 
but not by direct, reduction of its oxide by carbon, as a carbide is 
formed. Lanthanum, praseodymium and neodymium greatly . 
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resemble it. Cerium fluoride is fised in the “ flaming-arc” 
lamp. Kindling temperature, about 165°C. 

Chlorine. — Atomic weight, 35.46. Gas at ordinary tempera- 
tures. It derives its name from its greenish-yellow color. 
Strongly corrosive to organic tissues as well as to most metals. 
A violent poison. Liquefies readily. It is much used in com- 
merce as a bleaching material, for which it is derived by the 
Weldon process ( q.v .), or by electrolysis of sodium chloride 
solutions (Castner-Kellner, Gibbs process, etc.). The hypo- 
chlorites form the basis for many disinfectants; the chlorates 
form the basis of many modern explosives. 

Chromium. — A bright gray, very lustrous, very hard crystal- 
line metal. Atomic weight, 52.0; sp. gr., 6-7. It oxidizes 
slowly in cold air, readily on heating. Does not burn so readily 
as iron on heating in oxygen. Combines readily with the 
halogens, sulphur, silicon and carbon. 

Chromo-iron ore can bo directly smelted with carbon to 
give ferroehrome. To obtain pure chromium the chrome- 
iron ore is roasted with sodium carbonate or sodium carbonate 
and lime. The mass should not be fused. From this sintered 
mass sodium-chromate can be leached ou If H 2 SO 4 is added 
to sodium-chromate solutions the bichromate is produced. 
Sodium bichromate can be reduced with sulphur to give 
eliromous anhydride, which can then be reduced with carbon 
or with aluminum. In the carbon reduction the metal is not 
fused, but remains as a powder. Ohroi lium alloys readily 
with iron, manganese, cobalt and tungsten; with other metals 
only with difficulty. It can also be prepared by aluminum 
reduction. 

Cobalt. — Atomic weight, 58.07; trivalent; sp. gr. 8.79-8.93. 
A silver-white nu lal, melts at 1610°C. if pure. The commercial 
metal usually melts about 1480°C. .Yield point, 31,200- 
05,600 11). per sq. in. Specific heat, 0.I05G (15°-100°). This 
is the most magnelic element except iron. Exceeds iron 
both in hardness and tenacity. May be turned with ordinary 
lathe tools. Briimell hardness, chilled from melting point, 
90.8; annealed from 250°C., 77.3. Cobalt may be separated 
from nickel when both are in ’solution by precipitation with 
milk of lime or with calcium hypochlorite; the cobalt comes 
down first. Cobalt at room temperature has a hexagonal, 
close-packed configuration; at high temperatures the structure 
is face-centered cubic. The transformation occurs between 
400 and 450°C. In the iron-cobalt series of alloys those 
containing 50 to 67 atomic per cent, of cobalt are unique in 
that the alloy has an electrical resistivity lower than that of 
either component metal. * 

Columbium. — Atomic weight, 93.5; sp. gr., 8.3; m.p. about 
1950°C. The metal is silvery white and may be coated with 
iridescent, colored oxides by electrolysis, ft is very ine>jt, 
■but soluble in a mixture of nitric and hydrofluoric *acids. It 
absorbs gases readily, is very ductile, and is easily worked 
• cold. Columbium is always found associated with tantalum. 
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It is claimed by George \v. Sears that if an ore of tantalum 
and columbium is fused with sodium pyrosulphate at from 
835° to 875°C., the columbium is converted to a form soluble in 
strong H 2 SO 4 , while all the tantalum remains in insoluble form 

Copper. — Atomic weight, 63.57. The only red metal. 
Bivalent. Tough; ductile. The best conductor of electricity 
(except perhaps silver); the third best conductor of heat. 
Recovery of copper is. chiefly by smelting sulphide ores to give 
a copper-iron sulphide, the earthy materials forming a fusible 
slag, then blowing air through the sulphide (known as matte) 
getting metallic copper, sulphur dioxide, and ferrous oxide, 
which is slagged by addition of srlica. This smelting may be 
done in either blast or reverberatory furnaces. The metal 
from the desulphurizing operation (converting) is then furnace 
refined if non-argentiferous, or by electrolysis if silver-bearing. 
Copper is also produced by direct reduction of oxide and car- 
bonate or roasted sulphides to metal (black copper) and by 
wet processes, as at Rio Tinto, Wallaroo, Chuquicamata, etc. 
A preliminary concentration of the copper minerals in an ore 
by gravity or flotation is also much practised. 

Fluorine. — A slightly greenish-yellow gas, occurring in nature 
chiefly in fluorspar. One of the most active of the elements. 
Combines with hydrogen even in t-hc dark. It is the only 
element except those of the argon group which will not combine 
with oxygen. It attacks all metals except platinum and gold, 
and decomposes most organic compounds. It is used to etch 
on glass (as HF), as an electrolyte in lead refining (as H 2 SiFe), 
as a valuable flux (as CaF 2 ), and in the manufacture of alu- 
minum (as NaaAlFe). Fluorine can be generated by the elec- 
trolysis of molten acid potassium fluoride (HKF 2 ) using 
graphite for anode and cathode and a diaphragm of copper to 
separate the H 2 and ^ 2 - The operating temperature is about 
240°C. The Mathers' cell uses the same electrolyte, but 
the cell, serving as cathode, is made of magnesium. It operates 
at 250° C. 

Gallium. — A rare metal which, although tough, may be cut 
with a knife. With aluminum it forms a liquid alloy which 
will docoinjlbse water. * 

Gallium and Germanium Extraction from Zinc Oxide.* — The 
method for the extraction of germanium consists in dissolving the 
oxide in hydrochloric acid, adding a suitable amount of potassium 
chlorate and distilling between 121° and 135°C. between which 
temperatures the chloride of germanium passes into the distillate. 
The sulphide qf germanium is then precipitated by hydrogen 
sulphide. 

The residue in the flask contained the gallium. After the 
greater part of the lead present had settled out as the chloride 
the lead was decanted and treated with ammonium hydroxide 
uptil a*slight permanent precipitate was formed. The whole 
was then digested with zinc for several hours at the boiling 
point, all evaporated water being replaced. The precipitation 

1 H C. Fogg and C. James, Journ. Am. Chem. Soc., June, 1019. 
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of th$ gallium was said to be complete when some of the super- 
natant liquid gave a precipitate of basic chloride upon the 
addition of water. The metals and basic salts were removed 
by filtration. The precipitates containing gallium were dis- 
solved in hydrochloric acid with a little potassium chlorate, 
the oxides of chlorine boiled off and the solution allowed to 
stand. Any lead chloride was filtered off and the filtrate 
saturated with hydrogen sulphide and the precipitate filtered 
off. After removing the hydrogen sulphide from the filtrate 
it was again treated with ammonium hydroxide and digested 
with zinc as described above. The precipitates thus formed, 
rich in gallium, were again d’issolved and the solution saturated 
with hydrogen sulphide. After removing the hydrogen sul- 
phide, the filtrate was treated with ammonium chloride, made 
alkaline to litmus with ammonium hydroxide and boiled until 
just acid. The precipitate consisted of gallium, aluminum and 
iron. These hydroxides were dissolved in hydrochloric acid, 
the solution nearly neutralized with sodium hydroxide, some 
formic acid added and a little sodium formate. The precipitate 
containing the gallium, aluminum, and traces of cadmium and tin 
was treated with hydrogen sulphide and some 1 per cent, hydro- 
chloric acid to remove the cadmium ana tin. The gallium 
and aluminum in the filtrate were precipitated by ammonium 
hydroxide, and after dissolving in hydrochloric acid, and treat- 
ing with an excess of sodium hvdroxide, the gallium was 
precipitated as the metal by electrolyzing with a current of 
1.5 amp. 

Gold. — Atomic weight, 197.2 (O = 16); tri valent; sp. gr., 
19.29-19.37; the only yellow metal; most malleable and ductile 
of all metals; softer than silver, harder than tin; tenacity, 
about 14,000 lb. per sq. in. with 30.8 elongation. Melts at 
1063°C., begins to volatilize at 1100°C, and volatilizes four 
times as fast at 1250°C. Electric conductivity 76.7 (Ag = 100). 
One oz. of gold leaf covers about 160 sq. ft. U. S. gold coin is 
900 parts gold, 100 parts copper. Gold is recovered either by 
purely mechanical concentration (panning, etc.), by amalgama- 
tion, by dissolving it in chemical reagents (chlorination, cyani- 
dation) or by recovering it in a' fusion process with copper or 
lead. Has very small tendency to absorb gases when molten, 
but absorbs about 0.7 per cent. H, CO, and other electroposi- 
tive gases when cold, if it is finely divided. It is dissolved by no 
one acid except nitrous, but is dissolved by any mixture (such 
as aqua regia ) generating chlorine and bromine. Except in 
the thiosulphate, it does not play the part of base to oxy-acids. 

Gold possesses the lowest solution tension of any metal. 
I“t may be precipitated from its solution by even tha weakest 
reducing agents, such as H, P, As, Sb, C, by nearly all metals 
(except from cyanide solution, from which it can be separated 
only by zinc and metals more electropositive than zinc), 
by metallic sulphides, by protosalts of iron, tin, etc., *by hypo- 
phosphites, sulphites, SO 2 , the lower oxides of nitrogen, arsenic, 
pxalic acid, etc. 
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Hafnium.— Discovered fh 1922 by G. Hevesy. Always 
occurs in minerals containing zirconium. Atomic number, 
72; atomic weight, 178.6. Found in the United States in 
cyrtolite near Bedford, Westchester County, N. Y., and at 
Rockport, Mass. Hafnium is highly radioactive. All data 
published previous to 1922 regarding zirconium and its com- 
pounds is really data as to mixtures of zirconium and hafnium. 
Its chemical reactions are identical with those of zirconium, 
from which it is separated by fractional crystallization of the 
ammonium-zirconium and ammonium-hafnium hexa-fluorides. 

Helium. — First discovered by spectroscopic observation of 
the sun. One of the rarest of theceloments on the earth’s sur- 
face. Found in some uranium minerals, is given off by the 
gases of certain springs, and is found in the air in the proportion 
of 0.0005 per cent. It is absolutely inaciive. Atomic weight, 
4.00. 

Iodine. — Atomic weight, 126.93. Occurs at ordinary tem- 
peratures as beautiful violet to black crystals. It is largely 
used in the aniline color industry, in making iodoform and in 
potassium iodides in photography and medicine. The chief 
sources of iodine are the mother liquors of the Chilean nitrate 
industry and the ashes of sea weeds. It is readily precipitated 
from iodates thus: 

2NaI0 3 + 3Na 2 S0 3 + 2NaIIS0 3 = 5Na 2 S0 3 + H 2 0 + I 2 

Iridium is insoluble in every acid, differs from platinum in 
not being soluble in aqua regia , although when the iridium is 
very finely divided it, is attacked by this reagent. Fusion with 
acid potassium sulphate oxidizes it but does not dissolve it 
(distinction from ruthenium). It also oxidizes to the trioxide, 
Ir^Oa when heated with fused sodium nitrate and hydroxide, 
or with hydroxide alone in the presence of air, but the residue 
is but slightly soluble in water. Indium may be distinguished 
from platinum by suspending the precipitate produced with 
caustic alkalis in a solution of potassium nitrite and the solu- 
tion saturated with SO* and boiled, renewing the water so 
long as SO 2 is given off, all of the iridium is converted to an 
insoluble biTnvnish-groeii bnsic’iridie sulphite. Iridic salts are 
reduced by alcohol in alkaline solutions to iridous compounds 
soluble in hydrochloric acid. For a method of decomposing 
osmiridium, see “osmium,” p. 315. 

Iron. — A white metal of atomic weight, 55.84. Forms two 
series of compounds, ferric (trivalent) and ferrous (bivalent) 
which pass from one form to the other by very gentle reduction 
or oxidation. ' 

Iron is*the most magnetic of the metals. It alloys readily 
with most of the earth metals, only slightly with Pb and Cu. 
In the presence of Si, iron will dissolve more Cu than otherwise, 
that is t;unrosili<fc)n is dissolved more readily than is pure Cu. Fe 
alloys reaUily with C, Si, P, S and O. 

FerrosiUcon. — Maximum tensile strength at 4.5 per cent. 
Si; tensile, 93,000 lb. per sq. in.; 74,000 lb. yield point; sharp, 
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drop t from 4.5 per cent. Si to 5 p«r cent. Si, where ultimate 
strength and yield point coincide at 43,000 lb. 

Fei'ro silicon. — Resistivity rises from 0 per cent. Si (10 
microhms per cc.) to about 8^4 per cent. Si (105 microhms 
per cc.) then drops to 14.5 per cent. Si (40 microhms per cc.) 
then steadily rises. There is a maximum resistance to corrosion 
coinciding with the minimum resistance at 14.5 per cent. 
S (M. J G. Rorson, Trans. A I.M.E.). 

Electrolytic Iron. — Ultimate tensile, 35,000 lb. per sq. in.; 
yield point, 16,000 lb. - } 

Iron Metallurgy. — Iron is produced by a reducing smelting 
after concentration or routing or both. The slag, usually 
known as cinder, differs from that of the lead and copper 
metallurgists in being a calcium-aluminum silicate. The use 
of preheated blast, often previously dried, is also at variance 
with non-ferrous practice. The iron produced always contains 
Si, C, P, S, etc. Indeed most of the usefulness of iron depends 
on its carbon content; so a list is herewith appended of the 
carbides of iron and their modification, with the names applied 
to them by the iron metallurgists. 

Ferrite. — Chemically pure iron: a-iron, magnetic and free 
from C, passes at 780°C. into 0-iron, wliTMi is non-magnetic 
and practically incapable of dissolving C. Above 880°C. 
0-iron passes into Y-iron which is non-magnetic and capable 
of dissolving C or Fe 3 C. 

Cememtde. — Iron carbide, Fe.*C. 

Austenite and Martensite. — Solid solutions of Fe 3 C in Y-iron. 

Troosite. — Colloidal solution of Fe a C in Fe. 

Sorbite. — Mixtures of Fe, Fe s C and solid solutions of Fe 3 C 
in Fe. 

Pearlite . — The eutectic between ferrite (Fe) and cementite 
(FesC). It corresponds to 0.9 per cent. C, or (Fe a C -f- 20Fc). 

Temper Carbon. — Non-graplntic carbon which separates 
from white iron bv keeping it for a long lime at a temperature 
near 1000°C., during which time the finely divided cementite 
changes into a mixture of ferrite, pearlite and temper carbon. 
Temper carbon is more readily oxidizable than graphite or 
carbide carbon. j * 

Forgeable lion. — The saturation point of FesC in Fe is 
reached at 2 per cent. C (2 Fe 3 C -f- 15Fe). Anything up to 
this point may be regarded as forgeable iron. 

Steel Hardening. — This is explained by assuming a trans- 
formation of pearlite to martensite, and the maintenance of this 
solid solution by quenching. 

Malleablizing. — By exposing white iron for a long time to 
about 1000°C., the dissolved Fe 3 C is converted into J$e and C, 
but the carbon is not present as graphite, but in an easily 
oxidized state. It is then oxidized by Fc 2 0 3 or FeCO*. 

White iron is a supercooled solution and may be regarded 
as a metastable system between Fe*C and Fe, In whicA 
the reaction Fc 3 C = 3Fe T- G has not been allowed to take 
place. 
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Gray iron is a stable system Fe — Fe s C — C. It has had time, 
at the different temperatures and concentrations to reach a 
more or less complete state of equilibrium. During the cooling 
some of the FeaC has decomposed into Fe and C, the latter 
being found as graphite. See also Bessemer (p. 608), Thomas- 
Gilchrist (p. 612) and Siemens- Martin (p. 612). 

Krypton. — Present in the proportion of 1 : 1,000,000 in air. 
Inert. Has a characteristic spectrum, noticed especially in 
the Aurora Borealis. Atomic weight, 82.9. Discovered! by 
Ramsay in the lasj, liquid from the evaporation of liquid air. 

Lanthanum. — Greatly resembles cerium, which see. It occurs 
chiefly in monazite sand. fl 

Lead. — Atomic weight, 207.2; tctravalent; sp. gr., 11.35- 
11.37, when molten, 10.37-10.65; a dull gray metal, malleable 
but not ductile; tenacity the lowest of any common metal. 
Melts at 327. 5°C.; electric conductivity 10.7 with silver 100. 
Heaviest of all base metals. Boils at 1525°C. Has a great 
affinity for all the noble metals and is often used as a carrier 
in their extractions. 

Lead is obtained from its ores by roast-reaction process 
(2PbO + PbS = 3Pb -f S0 2 or PbS0 4 + 2PbS = 3Pb + 3S0 2 ); 
by the so-called precipitation process (PbS + Fe = Pb + FeS): 
or by reduction with carbon of oxide and carbonate ores or 
previously roasted sulphides. The argentiferous lead is refined 
by either the Parkes, Pattinson or Betts processes ( q.v ., 
pp. Oil, 611, 608). 

Lithium. — Atomic weight, 6.94; monovalent; sp. gr., 0.5936. 
A soft silver-white metal. Melts at 186°C.; vaporizes at about 
500°C. Below 200°C. may be melted in the air; above that, 
bursts into flame. Decomposes water at ordinary tempera- 
tures. It is the lightest known metal. 

Magnesium. — Atomic weight, £4.32; bivalent; sp. gr., 1.75. 
A white lustrous mefal of fibrous crystalline structure. Mal- 
leable and ductile, not tough. Melts at 651°C.; boils at about 
1120°C. Large pieces oxidize superficially. In powder it 
bums readily. Combines readily with nitrogen at elevated 
temperatures. Is a good deoxidizer. Lightest of metals in 
common - *se. When powdered, it is highly combustible, 
burning -with a vivid light. 

Electrolytic Magnesium. — The direct production of magne- 
sium from magnesium oxide can be carried out using an electro- 
lyte of fused magnesium fluoride carrying small quantities of 
calcium, barium, and sodium fluorides. Using 10 per cent, of 
MgO in the bath, the current density should be about 10 amp. 
per sq. cm. at the cathode (Harvey Process). 

Manganese. — Atomic weight, 54.93; usually bivalent, may 
be heptavalent; sp. gr. given by various authorities at from 
7.39 to 8.30. Silvery, lustrous, hard, brittle, smooth fracture. 
Meltifig pointy 1260 5 C. Volatilizes considerably even at the 
melting ^joint. Boils about 1900°C. Cannot be reduced by 
carbon to pure metal, as some MnaC is always formed, but 
can be produced in comparative purity by reduction of MngOs 
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by aliyninum. jg use d commercially mainly as ferromanga- 
nese, which is formed by direct reduction of manganese and 
iron ores. 

Mercury. — Atomic weight, 200.6; bivalent; sp. gr., when fluid 
at 0°C., 13.59; solid at — 40°C., 14. 19. Silver white with bluish 
tinge. Melts at —38.87°C. Contracts on solidification, 
forming a white, very ductile, very malleable mass, which 
can be cut with a knife. Specific heat from —78° to — 40°C. 
is 0.0247; of the fluid metal, 0 to 100°C., 0.0333. Electric con- 
ductivity at 22.8°C. is 1.63. Heat conductivity, 67.7 (Ag 
= 100). Boils at 357°C. Amalgamates readily with gold, 
silver, zinc, tin, cadmium, lead and bismuth; with copper 
when finely divided; with arsenic, antimony and platinum with 
difficulty; with iron, nickel and cobalt not at all directly. 
Is obtained by smelting the ores and catching the flue dust, 
in which the mercury condenses. 

Molybdenum. — Atomic weight, 96.0; quadrivalent; sp. gr., 
8.62-9.01. A white, extremely lustrous, very hard metal. 
Acids scarcely affect it, except nitric, which converts it to 
molybdic oxide or acid. The sulphides readily form thio-salts 
with alkaline sulphides. Remains unchanged in air at ordinary 
temperatures, but oxidizes slowly when heated to redness. 
I 'sen in high-speed steels, where it exercises about twice the 
influence that tungsten does. It cannot be produced pure by 
direct reduction of the oxide by carbon. Melts at 2620°C. 

The reduction test for molybdenum is as follows: A small 
quantity of molybdate or wulfcnite, in a powdered state, 
together with a scrap of paper/ should be placed in a test-tube 
with a few drops of water and an equal quantity of concentrated 
sulphuric acid. The tube and its contents should then be 
heated until the acid fumes begin to come over. After allowing 
the tube to cool, water should be added, a drop at a time. The 
addition of the first drops gives rise to a ddep blue color, which 
disappears as more water is added. 

For the preparation of molybdenum the ore must be roasted 
at less than 600°C. to less than 0.5 per cent. S. At even the 
prescribed temperature there is some sintering, so the roasted 
ore is again ground and then leached with hot .vater and 
ammonia. The filtered solution is then purified. Iron is 
first removed by treatment with II 2 O 2 near the boiling point. 
Copper is then removed by precipitation in the cold with 
ammonium sulphide. Calcium is precipitated with ammonium 
oxalate. Ammonium molybdate is then removed by crystalli- 
zation (Edwin K. Jenckes, Trans. A.E.C.S., 1927). J. Escard 
{Hcv. Gen . de V Electricite, Sept. 14, 1918) states that molyb- 
denum may be prepared by heating together a mixture of 
inolybdite and molybdenum oxide in an electric furnace: 

M 0 S 2 H- 2 M 0 O 2 — 3Mo -j- 2S0 2 v 

1 

The destruction of molybdenum ribbons used as resistors in 
electric furnaces is due chiefly to chemical reaction with 
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materials present in heating tubing, insulation, or gasep in the 
furnace. Of those materials most likely to be there, silica 
and carbon are the most destructive. For the best working 
conditions of such furnaces it is recommended that: 

(1) Both heating tubing and insulation should be of calcined 
pure alumina, mixed with aluminum hydroxide as binder and 
fifed at 1500°C. 

(2) The first heating of a new furnace should be carried out 
under high hydrogen pressure, which may be later reduced. 

(3) If the material used for heating tubing or insulation 
contains carbon, oxides of a high degree of oxidation should 
be added, so that they may roa^et with it, the products of the 
reaction to be removed by evacuation. 

(4) The molybdenum ribbon may be coated with molybde- 
num oxides having a low degree of oxidation to protect it from 
forming oxides or carbides (Henry J. Miller and Marcella 
Lindeman, Trans. A.I.M.E . , 1927). 

Monel Metal. — An alloy of copper, nickel, and iron, Cu 

33.0 per cent.; Fc, 6.5 per cent.; Ni, 60.0 per cent.; Al, 0.5 
per cent. Specific gravity 8.80; m.p., 1316°C., coefficient 
of thermal expmjsion, 25° to 300°, 0.000015; specific heat 
20° to 400°C., uTl27; electrical resistivity, ohm-mil-ft, 256; 
coefficient of electrical resistivity per deg. C., 0.0019; yield 
point, hot-drawn rods, 45,000 lb. per sq. in.; ultimate tensile, 
85,000; yield point, cold-rolled sheets, 100,000; ultimate tensile, 

130.000 lb. per sq. in. 

Neodymium. — Greatly resembles cerium, which see. 

Nickel. — Atomic weight, 58.69; sp. gr., cast, 8.35, rolled or 
hammered. 8.6 to 8.9; is very hard; can be rolled to sheets not 
over 0.0008 in. thick and drawn into e, wire 0.0004 in diameter. 
According to Shakell the tenacity is 42.4 tons per sq. in. for 
annealed wrought nickel. It melts at 1452°C. when purej the 
melting point is considerably lowered by carbon. Nickel 
is attracted by a magnet (Ni:Fe::l : 1 .54), but it loses this power 
at 340°C. Its electric conductivity is 12.9 (Ag = 100). The 
metallurgy of nickel somewhat resembles the fire metallurgy 
of copper, in that the ores are smelted, following either wet 
concentration or roasting, ‘or both, and the nickel-coppcr 
matte is bessemerized, but the converting process is not 
carried so far as in copper. In constitution nickel matte seems 
to vary, as the nickel content increases, from (Ni 2 S and FcS) 
to (Ni 3 S 2 and FeS) to pure Ni 3 S 2 or even a solution of Ni in 
Ni 3 S 2 . Nickel speiss consists of NuAs>, NiAs and probably 
Ni 3 As 2 . The partly bessemerized mattes and speisses are then 
given the so-called “top and bottom smelting” — a reducing 
fusion with sodium sulphate. The product of this fusion 
consists of a layer of slag, a Cu-Fe-Na matte, and a Ni-Fe matte 
at the bottom. By repeated top and bottom smeltings a copper 
^matttf practicably free from nickel and a nickel matte practically 
free from copper are obtained. 

The nickel matte is then worked up by one of numerous wet 
processes. A part of the present Ni-Cu matte from the 
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Canadian Copper Co.’s works is worked down into metal (the 
so-called monel metal) without separation of the nickel, copper 
and iron. The electrolytic baths are probably neutral sulphate 
containing considerable amounts of borate". An interesting 
method of nickel recovery from products in which the nickel 
occurs as oxide, oxide ores or roasted sulphides is the Mond 
process. A reducing roast is given the ores in retorts heated 
to 300°C. with gases containing H, whereby the nickel oxide 
is reduced to sponge Ni. The reduced nickel is then exposed 
to gas containing CO at 100°C. and 15 atmospheres pressure. 
Volatile nickel carbonyl is formed. This is stable at 50°C. at 
2 atmospheres pressure; at 100° at 15 atmospheres; at 180° 
at 30 atmospheres; and at 250° at 100 atmospheres. The 
vapors of Ni(CO )4 escaping from the vessels under pressure 
can be dissociated by simply lowering the pressure. The 
electrolyte formerly used by the Balbach works was said by 
Ulke to be a hot nickel sulphite, the current density to be 15 
amp. per sq. ft. and a tank voltage of 1. 7-1.8 volts. 

Osmium. — The heaviest of all metals; sp. gr. 22.48; atomic 
weight, 190.9. Osmium is volatilized in, but not melted by 
the oxyhydrogen blowpipe. When strongly heated in contact 
with air the finely divided metal burns to^-osmic anhydride, 
OsOi (usually known as osmic acid). The oxide is remarkable 
for its peculiar, exceedingly irritating and offensive odor. It 
is injurious to the eyes and is extremely poisonous. This 
oxide is soluble in water, giving a neutral solution, from which 
it is precipitated by nearly all metals, even silver, as a black 
precipitate. Fuming nitric acid or aqua regia also oxidizes 
osmium to OsCL. When intensely ignited, osmium is rendered 
insoluble in acid, and must be fused with niter and distilled 
with HNOa, when Os0 4 will distill over. All compounds of 
osmium yield the metal when ignited in hydrogen. Osmiridium 
may be attacked by mixing it' with conn iron salt or potassium 
chloride and exposing it in a glass or porcelain tube to a current 
of moist chlorine gas. Osmic acid is formed, which volatilizes 
below 212°C. and can be condensed and fixed by passing the 
fume into an alkaline solution. Iridium remains behind in the 
tube as a double chloride, 2KCl-IrCl 4 . u 

Palladium is the most fusible of the so-called platinum metals. 
The metal oxidizes when heated in air. It absorbs hydrogen to 
a large extent. A solution of iodine produces a black stain on 
palladium, but has no effect on platinum. The best solvent 
for palladium is aqim regia . It is sparingly soluble in pure 
nitric acid, but dissolves more readily in fuming nitric acid, 
forming palladious nitrate, Pd(N0 3 ) 2 . All palladium com- 
pounds decompose on ignition. Melts at 1555®C. 

Phosphorus. — Found in nature chiefly as the ^ri-basic 
calcium phosphate. To produce phosphorus the calcium 
phosphate is treated with sulphuric acid in hjad-line tanks. 
This converts the tricalcium into monocalcium phosphate.* 
The clear solution is then drawn off and the precipitate thor- 
oughly washed. The solution and washings are evaporated 
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to 45°B6. and about 25 ]*3r cent, of coke or charcoal ad(^e4 and 
the pasty mass dried in iron pans. The dry mixture is then 
distilled in cast-iron retorts and the fumes passed into a con- 
denser containing water, under which the phosphorus collects. 
Phosphorus melts at 44rC. and distills at 287°C. It must be 
kept under water. 

Platinum. — Atomic weight, 195.3; tetravalent; sp. gr., cast, 
21.5; a white metal of a grayish tinge; is very malleable and 
ductile; harder than copper, silver and gold; tenacity about 
23,000 lb. per sa. in. (Deville and Debray); electric con- 
ductivity 13.4 at 0°C. (Ag = 100); melts at 1755°C., but is 
sensibly volatile at 1300°C. Is plainly recovered from alluvial 
deposits, but is also got in Wohlwill’s process of electro- 
lytic gold refining, where it remains in the solution. It is 
affected by fused alkaline hydroxides, phosphorus, cyanides, 
sulphides and halogens. Platinum is not acted upon either by 
pure hydrochloric, nitric or sulphuric acid. It dissolves in 
aqua regia and other mixtures, evolving chlorine, but less 
readily than gold, so that gold which has been fused to platinum 
can be dissolved by dilute aqua regia at moderate temperatures 
without injuring the platinum. When alloyed with silver, 
lead and some ofher metals it is dissolved (see tables on pp. 
394, 395). 

Potassium. — Atomic weight, 39.1; monovalent; sp. gr., 0.865. 
A bluish-white metal, softer than sodium; fuses at 62.3°C., 
vaporizes about 667°C. The vapor is greenish. Like sodium 
in its reactions ( q.v .). However, there is an explosive material 
left in the retorts when potassium carbonate is reduced by 
carbon, and the process is dangerous. It is found in greatest 
abundance in the salt deposits of Stassfurt, Germany. 

Praeseodymium. — The element occurs chiefly in monazito 
sands. The metal is silvery wlyte, corrodes rapidly in air, is 
slightly attacked t\f hot water; vigorously by mineral acids 
and halogens. The kindling temperature is 290°C. The 
metal is not pyrophoric. Biunell. hardness (500 kg. wt ) 
is 25; sp. gr. 6.6; m p. 940°C. Greatly resembles neodymium. 

Rhodium is found in the insoluble residue resulting from the 
treatm cutoff crude platinum with aqua regia. It is, when pure 
and in a compact state, not acted upon by even aqua regia , 
but when alloyed with lead, copper or bismuth in certain pro- 
portions it dissolves in it. When alloyed with gold or silver 
it does not dissolve. It is oxidized by air at a red heat, or by 
fusion with potassium hydroxide and niter. It is converted bv 
fusion with acid potassium sulphate into the soluble potassium 
rhodic sulphate KeRhffSO^e. Mixed with sodium chloride 
and igiuted in chlorine it forms the easily soluble 3NaCl- 
RhCl rll jO. Rhodium is distinguished from the other platinum 
metals by its insolubility in aqua regia , its solubility in fused 
HKSO.I. and tin* formation of a brown precipitate on adding 
*KOH aid alcohol to rhodium-chloride solution. 

Ruthenium is found in the insoluble residue resulting from 
the treatment of platinum ore with aqua regia. It is a grayish- 
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whit 6 fnetal, closely resembling iridium and very difficultly 
soluble. When heated in air it becomes covered with bluish- 
black ruthenic oxide, RU 2 O 3 . When pure it is unacted on by 
acid, and is scarcely acted on by acid potassium sulphate. It 
is attacked by fusion with potassium hydrate and niter, or 
potassium chlorate and is converted into K 2 R.UO 4 , a dark- 
green mass, soluble in water to an orange-colored fluid which 
stains the skin black. Ruthenium is rendered soluble by 
ignition with potassium chloride in a current of chlorine, being 
converted to 2KC1 *RuC1 4 . * 

Selenium. — An element originally recovered from the dust 
chambers and mud of the Ifead chambers of sulphuric-acid 
plants. The classic process is to leach the mud with concen- 
trated potassium cyanide, forming KCNSe, and then precipi- 
tating the Se by adding hydrochloric acid. My own process, 
by which most of the commercial selenium was made between 
the years 190(1 and 1919, applicable to all non-oxidized residues, 
is to oxidize selen if crous flue dusts with HC 1 and NaC10 3 , then 
after all the free chlorine is gone, precipitate the metal with 
sulphur dioxide. The precipitate is then washed and dried. 
The bulk of the present production comcsJrom the oxidized 
dusts from roasting copper slimes, which are leached and the Se 
reduced with S0 2 , or from soda slags. These are crushed and 
leached with hot water and the solution brought to neutrality. 
The tellurium is precipitated and the tellurium-free solution 
is then acidified with HC1 and the Se precipitated. Selenium 
occurs in several amorphous modifications, some soluble in 
CS 2 , some insoluble; in certain crystalline forms when precip- 
itated from solution; in a vitreous form when melted and 
cooled quickly; and a so-called metallic form when melted 
and cooled slowly. This metallic modification has the remark- 
able property of altering its electric conductivity when illumi- 
nated. The vitreous modification passes over into the metallic 
when heated for some time above 180°F. There is a con- 
siderable evolution of heat during the change. 

Silver. — Atomic weight, 107.88; monovalent; sp. gr., cast 
10.50, minted 10.57. Melts at 960. 5°C., boils at 1955°C. 
It is the whitest of metals, harder* than gold, softer titan copper, 
more malleable and ductile than any metal except gold, the 
best conductor of heat and electricity of known substances. 
(Some authorities state that gold is the best conductor of 
heat and copper of electricity. In any case the difference is 
slight.) It volatilizes at high temperatures, yielding a green 
vapor. In the molten state it has the property of absorbing 
twenty-two times its volume of oxygen, which is given out on 
cooling, causing the so-called spitting of silver. This occurs 
only with the pure metal. Small quantities of copper, bismuth 
and zinc entirely prevent it, as does also an inert cover. Arsenic, 
antimony, bismuth and lead render silver* brittle. * It i^ 
recovered by amalgamation, by chemical processes (Atjgustin, 
Ziervogel, Kiss, Russell, Patera, Patio, Cyanide, etc.) and 
from the impure bullion from lead or copper smelting. From 
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lead it is recovered by the Pattinson, Parks and* Betts 

C rocesses ( q.v .) and from copper by electrolytic parting. In 
oth these cases it contains gold, which is then recovered 
either by dissolving the silver by sulphuric or nitric acid, or 
bv electrolytically refining the silver by the Mokbius or 
Thum process. The auriferous silver bullion is known as dor<5. 
Silver does not oxidize in air, even if heated, but is easily 
attacked by sulphur and its compounds. It is attacked by 
nitric acid, and by hot sulphuric, scarcely at all by hydrochloric 
nor by the halogetis and not at all by fused alkaline hydroxides. 

Sodium. — Atomic weight, 23.00; monovalent, sp. gr., 0.974. 
A soft silvery-white metal, which may be kneaded at ordinary 
temperatures. Melts at 97.5°C.; vaporizes at about 742°C. 
Dissolves in anhydrous ammonia. Decomposes water at 
ordinary temperatures, and must be kept under oil. Burns in 
dry air to the peroxide, Na 2 0 2 . Practically all sodium com- 
pounds are soluble. Can be reduced from the carbonate by 
carbon. 

Strontium. — A soft white metal. Found chiefly in nature 
as carbonate and sulphate. Is used in the manufacture of 
fireworks for red §rc ? and in the refining of sugar. 

Tantalum. — Atomic weight, 181.5. A rare element usually 
occurring with columbium. It is not attacked by hydrochloric 
or nitric acids or by aqua regia, either hot or cold. It is slowly 
attacked by boiling, concentrated sulphuric acid. Solutions 
of caustic alkalies do not attack the metal easily. Hydrofluoric 
acid will attack it. A mixture of hydrofluoric and nitric acids 
will attack the metal with avidity, causing it to go into solution 
as tantalum fluoride. 

If tantalum is heated in the air, the surface becomes blue 
at a temperature of about 400 °C., and at a somewhat higher 
temperature, nearly Jblack. Abdve a dull-red heat the white 
oxide is produced and the metal gradually burns. This 
metal combines with avidity with hydrogen, oxygen, or nitro- 
gen, and most common gases. It will take up 740 times its 
own volume of hydrogen, producing a very coarse-grained, 
brittle product. Can be used for electrolytic cathodes, but 
not as anoTles, as it oxidizes under anodic action. 

Tellurium. — Atomic weight, 127.5. Melts, 452°C. A metal 
much like selenium. Occurs usually as gold or silver telluride. 
Can be separated from selenium by a fractional separation 
with S0 2 , for selenium precipitates from concentrated hydro- 
chloric-acid solutions with S0 2 , while tellurium does not, or 
by taking a jnixture of finely divided precipitates, leaching 
with concentrated cyanide solutions at ordinary temperatures, 
heating «the solution, and filtering hot. The selenium is 
dissolved. Can also be separated electrolytically, using impure 
tellurium anodes, lead cathodes, and an electrolyte of tellurium 
dioxide dissolved in a mixture of sulphuric and hydrofluoric 
acids. 1 

Tin. — Atomic weight, 118.7; quadrivalent; sp. gr., cast 
7.287, rolled 7.30, tetragonal form (electrolytically deposited) 
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7.25, Rhombic 6.55, ordinary comm«§rcial about, 7.5, friable 
modification (due to tin pest) 5.8; melts at 231. 9°C.; boils at 
1500°C.; specific heat, 0.0562; coefficient of linear expansion, 
0.00223; heat conductivity, 15.2 (Ag = 100). Most malleable 
at about 100°C. ? most brittle at about 200°C. Rolls to sheets 
not over Kooo inch thick. Tensile strength of very pure bars 
2420 lb. per sq. in. (H. Louis), of hammered 2540 lb. per sq. 
in., commercial about 4600 lb. per sq. in., tin foil about 5980 
lb. per sq. in. Breaks down at low temperatures to a gray gran- 
ular powder (tin pest); the change commences at 18°C., and 
is most rapid at-48°C. Boils at 1500° to 1600°C. if heated 
out of access of air. It is but little affected by air and moisture 
at ordinary temperature. Electric conductivity, 14.4 (Ag 
= 100). Decreases in volume by 6.75 per cent, on solidification. 
Acted on by Cl, HC1, H 2 S0 4 and IINO3, but is only oxidized by 
latter and does not form nitrates. Ores are usually concen- 
trated, roasted if required and smelted in shaft or reverberatory 
furnaces, and refined by fire processes. Analyses of English 
tin show (H. Louis, “Metallurgy of Tin”): Sn, 98.64-99.76; 
Fc, tr-0.13; Pb, 0-0.20; Cu, tr-1.16. Tin from Pulo 
Brani showed, Sn, 99.76; Sb, 0.07; Pb. 0.02; Fc, 0.14; Cu, 
As, none. Is perceptibly volatile at 12®0°C. Because of 
the high specific gravity of tin oxide it is ordinarily concen- 
trated by mechanical means before smelting. The smelt- 
ing of tin is difficult because it tends, when there is a excess 
of base in the slag, to enter it as an acid, forming stannites and 
stannates, while if there is an excess of silica tin enters the 
slag as a base. 

Tungsten. — An almost white, very lustrous hard metal. 
Atomic weight, 184.0; sp. gr., 19.3-20.2. It begins to oxidize 
only at elevated temperatures in air. It can be reduced by 
carbon from the oxide. Ductile tungsten is practically insolu- 
ble in the common acids, except in a mixture of HF and HNO 3 . 
Fused nitrates and nitrites attack it. It has the highest 
melting point of any metal (c. 3350°C.); it is paramagnetic, 
and its wire can be drawn to smaller sizes than can wire of any 
other metal. The chief commercially important forms are 
sodium tungstate, largely used for fireproofiing and* as a mor- 
dant, and tungsten as a constituent of high-speed steels. Tung- 
sten may be prepared as a powder by the reduction of tungstic 
acid, H2WO4, tungstic acid, WO*, and ammonium paratung- 
state, (NHi) 2 W12O11. The impurities, if tungstic acid is used, 
should not exceed 0.05 per cent. The density of the tungstic 
acid powder when placed in a graduate and tapped until no 
further diminution in volume takes place should be about 
0.61 g. per cc. For the preparation of tungstic qnid, ores 
containing excessive quantities of Ca, Si0 2 , As, and P should 
be avoided, also those containing Mo, as it is impracticable 
to separate Mo and W on a commercial scale. Jn the prepara- 
tion of tungsten compounds the ores are ground to —400 mesA 
and then either fused in a reverberatory with sodium carbonate, 
pr digested, with or without pressure, with sodium hydrate. 
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If fusion has been resorted to, the fusion product is git^md to 
— 100 mesh and leached with hot water. Arsenic is precipi- 
tated from the solution with copper sulphate. The reaction 
is quantitative in the cold. The soluble tungstates are then 
precipitated with calcium-chloride solution. A slurry is 
made of the precipitated CaWCL, which is treated with an 
excess of hydrochloric acid, giving tungstic acid and calcium 
chloride. The crude tungstic acid is leached with aqua am- 
monia, giving ammonium tungstate. Tungsten can be pre- 
pared from tungstic oxide by reduction with carbon. A little 
W 2 C and WC is formed in this reduction and dissolved by the 
metal. Ferro tungsten can also be formed by direct reduction 
of wolframite or scheelitc with iron compounds and powdered 
quartz or glass. The carbon-free metal can also be produced 
by the aluminum -reduction process. 

A general test for all tungsten ores is carried out as follows: 

Strong hydrochloric acid is added to the ore, which is first 
pulverized to as fine a powder as possible, and part of the 
tungsten will pass into the solution. Metallic zinc should then 
be added and the mixture boiled. A fine azure blue denotes the 
presence of tungsten. 

When any onf containing tungsten is fused with sodic 
carbonate, leached out with hot water and filtered, the tung- 
sten passes into the filtrate. If hydrochloric acid is added 
the tungsten is precipitated. This precipitate is insoluble 
in all acids, dissolves readily in ammonia, and is of a fine 
yellow color. A little of this yellow powder, if added to a 
bead of salt of phosphorus and treated in a reducing flame, 
using a blow lamp, gives the fine blue bead characteristic 
of tungsten. 

Uranium. — A white lustrous, very hard metal, oxidizing in 
air only at high temperatures, byt igniting in pure oxygen at 
170°. Fluorine attacks it at ordinary temperatures, chlorine 
at 180°, bromine at 210° and iodine at 260°C. It combines 
with sulphur at about 1 000°C. to form a black sulphide and with 
nitrogen at about 1000°C. to produce a yellow nitride. 

Vanadium. — Atomic weight, 50.96, sp. gr., 5.50; melts at 
1710°. According to Bokciietcs the purest metal yet obtained 
was a gray lustrous powder which ignites readily in the Bunsen 
flame. It dissolves with great dilficulty in hydrochloric or 
dilute sulphuric acid, but more readily in strong sulphuric acid, 
in hydrofluoric acid or in nitric. With fused alkali-metal 
hydroxides it forms vanadates. At elevated temperatures it 
combines readily with the halogens, sulphur, or even with 
nitrogen. 

Xenon* — Occurs in the atmosphere in the proportion of 
1:20,000. Heaviest of the rare gases. 

Zinc. — Atomic weight, 65.37; always bivalent; sp. gr., cast, 
from 0.861 to 7H49; when rolled, 7.2 to 7.3; when fluid, 6.48 to 
6.55. Blnls at about 920°C. Melts at 419.4°C. Specific heat 
at 0° to 100°C., 0.09555 (Regnault)^ probably 0.1015 from 
100 Q to 300°C. It burns in air at about 505°C. Zinc is brittle 



CHEMICAL DATA 


321 


at ordinary temperatures, especially if impure, but between 
100°C. and 150°C. it becomes malleable ana ductile, and may 
be rolled into sheets and drawn into wire, and retains these 
properties after cooling. At 205 °C. it again becomes so brittle 
that it may be powdered in a mortar. When cast at a tempera- 
ture near its melting point it is more malleable than when cast 
at a higher temperature. In malleability zinc ranks between 
lead and iron; in ductility between copper and tin. In hard- 
ness it stands between copper and tin; more exactly between 
silver and platinum, being 2.5 on Moh’s sc^le, 6 on Turner's 
sclerometer and 1077 on Bottone’s scale, on which the diamond 
is 3010. The thermal conductivity is given from 19 (Wiede- 
mann) to 64.1 (Calvert and Johnson), silver being 100. Its 
electrical conductivity Is 16.92, mercury at 0°C. being unity. 
On the basis of silver = 100, Becquerel gives its conductivity 
at 24.06, and Weiller at 29.90. According to Robertb- 
Austen the coefficient of linear expansion is 0.0000291; Cal- 
vert and Johnson give it at 0.00002193 for hammered zinc. 
The tensile strength of zinc varies from 2700 lb. per sq. in. for 
cast metal to 17,700 for an annealed rod. Zinc dissolves 
readily in both acid and alkaline solutions with evolution of 
hydrogen. A moderate tenor in lead makeri'zinc malleable and 
ductile; over 1.5 per cent. Pb is certainly detrimental. Iron up 
to 0.2 per cent, does not greatly affect the properties of zinc, 
above that it makes it less fluid, less malleable, less strong, 
harder and more brittle. Cadmium seems to have no injurious 
influence except when the spelter or ore is to be used for making 
zinc oxide. Copper makes zinc harder and more brittle, even 
if only 0.5 per cent, be present. Tin also makes it harder and 
more brittle. Other impurities are of minor importance, but 
silver, thallium, indium, magnesium, aluminum, antimony, 
arsenic, sulphur, carbon, chlorine and oxygen occur. The 
metal is produced by smelting the ores in Retorts with carbon as 
a reducing agent, and extraneous fuel to heat them. A fusible 
slag is not wanted. Sulphide ores must be roasted clean before 
distillation. The loss of zinc in the smelting process, due to 
retort absorption, escape through the pores of the retorts, 
escape of uneondensed zinc throagh the adapters, through zinc 
left m the retorts, etc., is very seldom below 10 per cent, and 
may amount to 25 per cent. Zinc either rolled or cast has no 
well defined yield point and elastic limit is low. Plasticity 
high. Ultimate tensile strength of thin-rolled zinc (not over 0.05 
in.) is 24,000 lb. per sq. in. Modulus of elasticity 11,500,000 
lb. per sq. in. 

Zirconium. — Atomic weight, 91.0; sp. gr., 6.4; melts about 
1700°C., occurs as the natural oxide and as the silicat% (zircon). 
Tt was used as the incandescing material in the first gas mantles. 
According to A. L. Field (Trans. A.I.M.E . , 1923), zirconium 
when added to molten steel combines chemically with dissolved 
oxygen, nitrogen, and sulphur, in the order namefl, and ft 
capable of neutralizing the embrittling effect of phosphorus 
(not, however, by chemical reaction, apparently). 
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DETECTION OF THE METALS 

Aluminum. — Is precipitated as white gelatinous hydroxide by 
ammonia. When the oxide is strongly heated on charcoal with 
cobalt nitrate, a bright-blue mass is obtained. With soda 
before the blowpipe it swells and forms an infusible compound. 

Antimony. — When a small quantity of an antimony com- 
pound is heated in the upper reduction zone of a Bunsen 
burner on a thread of asbestos, the flame is given a bluish tinge 
and when a smal^porcelain basin filled with cold water is held 
above it, a brownish-black deposit of metallic antimony is 
deposited upon the basin, and this is but slightly attacked by 
cold nitric acid and is insoluble in sodium hypochlorite. Arse- 
nic gives a similar reaction, but arsenic gives a garlic-like odor 
during the reduction, and the metallic film is readily soluble in 
the hypochlorite. Antimony compounds may be obtained in 
solution by treating with HC1 or by fusing first with potassium 
carbonate and potassium nitrate. Hydrogen sulphide produces 
in acid solution a very characteristic orange-red-colored pre- 
cipitate of antimony trisulphide. Blowpipe tests — on coal, 
reducing flarne, volatile white coat, bluish in thin layers, con- 
tinues to form aft*r cessation of blast. With bismuth flux on 
plaster, orange-red coat, made orange by (NHOaS; on coal 
faint yellow or red coat. In open tube, dense, white, non- 
volatile amorphous sublimate. The sulphide, too rapidly 
heated, will yield spots of red. In closed tube the oxide will 
yield a white fusible sublimate of needle crystals; the sulphide, 
a black sublimate, red when cold. 

Arsenic. — Mix with sodium carbonate and heat on charcoal 
with the blowpipe. All arsenic compounds give a garlic odor. 
Add to concentrated hydrochloric acid a few drops of an 
arsenite solution and half a ci^ic centimeter of saturated 
solution of stannous T-hloride in hydrochloric acid, warm, and 
the solution turns brown, then black. Blowpipe — on smoked 
plaster gives a white coat of octahedral crystals. The action 
on coal has already been spoken of. With bismuth flux on 
plaster As gives a reddish-orange coat, made yellow by (NH^S; 
on coal a«faint yellow coat. • In open tube it gives a white 
sublimate of octahedral crystals. Too high heat may form 
brown suboxide or red or yellow sulphide. In closed tube 
may give white oxide, yellow or red sulphide, or black mirror 
of metal. Flame — azure blue. 

Barium. — The Bunsen flame is colored a yellowish-green tint 
when any volatile barium compound is brought into it. Soluble 
barium salts are distinguished from those of strontium and 
calcium inasmuch as they are immediately precipitated by a 
solution of calcium sulphate. Blowpipe — on coal, with soda, 
fuses and sinks into the coal. The yellow-green flame can be 
i^npro'f ed by moistening with HC1. 

Bismuth. — On charcoal with soda, bismuth gives a very 
characteristic orange-yellow sublimate. Brittle globules of the 
metal are also reduced on the charcoal when treated with soda. 
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Hydrogen sulphide precipitates from*solutions of bismuth salts 
a blaclush-brown sulphide (Bi 2 Sa) insoluble in ammonium 
sulphide and easily soluble in nitric acid. Ammonia throws 
down a white .basic salt insoluble in excess. Blowpipe — with 
bismuth flux (sulphur, 2 parts; potass, iodide, 1 part; potass, 
bisulphate, 1 part) on plaster, bright scarlet coat surrounded by 
chocolate brown with sometimes a reddish border. The brown 
may be made red with ammonia. With bismuth flux, on coal, 
gives a bright-red coat with sometimes an inner fringe of yellow. 

Cadmium. — Cadmium is precipitated as a yellow sulphide 
by hydrogen sulphide. The sulphide is insoflible in ammonium 
sulphide and in the caustic glkalies. On charcoal with soda, 
compounds of cadmium give a characteristic sublimate of the 
reddish-brown oxide. 

To test for cadmium in a sulphide, roast it to oxide, and 
reduce some of the oxide in the upper reducing flame of the 
Bunsen burner, at the same time holding a glazed porcelain 
dish which contains water, just above the name to receive 
a brown coating. To the brown coating add a drop of AgNCL 
solution; if Cd is present, black metallic silver will be deposited. 
Blowpipe — on coal, reducing flame, greenish yellow in thin 
layers. Beyond the coat, at first part of OPperation, the coat 
shows a variegated tarnish. On smoked plaster with bismuth 
flux Cd gives a white coat made orange by (NH 4 ) 2 S. With 
borax or sodium phosphate, oxidizing flame, clear yellow hot, 
colorless cold, can be flamed milk white. The colorless bead 
touched to NaaSuOa becomes yellow. 

Caesium. — H 2 PtCle produces a briglrt-> ellow crystalline 
precipitate, a brighter color than the potassium salt thus pro- 
duced, and is much more soluble than the potassium salt. 
The flame test is reddish violet, similar to potassium. 

Calcium. — Calcium compounds moistened with hydrochloric 
acid and placed on a platinum wire inithe hottest part of a 
Bunsen flame impart a red color to the flame. 

Calcium may be precipitated from solution as oxalate by 
first making the solution ammoniacal and then adding ammon- 
ium oxalate or oxalic acid. Blowpipe — on coal with soda, 
insoluble and not absorbed by J;ho coal. Flame— yellow red, 
improved by moistening with HC1. With borax or sodium 
phosphate, clear and colorless; can be flamed opaque. 

Cerium. — Fuse with sodium carbonate. Treat with dilute 
hydrochloric acid, evaporate to dryness and bake. Take up 
with dilute hydrochloric acid, filter. Add ammonia to the 
filtrate, filter. Dissolve the precipitate in hydrochloric acid, 
add ammonia and oxalic acid, Alter. Dissolve the precipitate 
in concentrate hydrochloric acid, nearly neutralize with 
ammonia; add 1 cc. of hydrogen peroxide and then ammonia 
drop by drop, until just alkaline. When just neutral, white 
thorium peroxide is precipitated; when ammoniacal, theiOrange 
cerium peroxide is precipitated. * • 

Chromium. — Chromium oxide is detected in its insoluble 
compounds by its characteristic green color. It forms an 
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emerald-green head with Jborax or microcosmic salt. Caustic 
potash or soda gives a green precipitate in solution of chromic 
salts. This dissolves in an excess of alkali in the cold, but is 
precipitated on boiling the solution. The detection of chromic 
acid is rendered easy by the bright-yellow color of its salts. 
The yellow color of the normal chromates becomes red on the 
addition of an acid, and again yellow when made alkaline. 
Blowpipe — with borax or sodium phosphate, oxidizing flame, 
reddish when hot, fine yellow when cold. Reducing flame in 
borax, green hot and cold. In sodium phosphate, red when hot, 
green when cold. * With soda — oxidizing flame, dark yellow 
when hot, opaque and light yejlow cold. Reducing flame, 
opacjue and yellowish green cold. Manganese interferes, giving 
a bright yellowish green with soda bead in the oxidizing flame. 

Cobalt. — Ammonium sulphide produces a black precipitate 
(CoS) insoluble in acetic acid and in dilute hydrochloric acid. 
Ammonium sulphocyanate produces a beautiful blue color, 
Co(CNS)*. With a borax bead cobalt gives the characteristic 
cobalt-blue color. Blowpipe — on coal, reducing flame, the 
oxide becomes magnetic metal. The solution in HC1 will be 
rose-red, but on evaporation will be blue. With borax or 
sodium phosphate, epure blue in either flame. 

Columbium. — Fuse with potassium bisulphate. Pulverize 
the fusion and treat it with hot water; then treat it with dilute 
hydrochloric acid. Digest the residue with ammonium 
sulphide to remove W, Sn, etc. Wash and treat- again with 
dilute hydrochloric acnl. The residue should be colorless 
and contain only silica and the oxides of columbium and 
tantalum. This residue in a bead of microcosmic salt is 
colorless if no columbium is present or if heated in the oxidizing 
flame; but if heated in the reducing flame, columbium imparts 
a violet color to the bead, or blue ^saturated with oxide. Add- 
ing ferrous sulphate t-«rns the bead blood red. 

If, when the mixed oxides are boiled in dilute sulphuric acid 
with metallic zinc, the white precipitate turns intensely blue 
and remains so on dilution, columbium is present; if it turns 
bluish gray and colorless on dilution, tantalum is predominant. 

Copper.-*-Copper can easily be detected bv the reduction 
to the red metallic bead on charcoal before the blowpipe. 
Copper compounds moistened with II Cl color the non-luminous 
flame green. An excess of ammonia added to a nitric acid 
solution of copper produces an azure-blue color. With borax 
or sodium phosphate, oxidizing flame, green when hot, blue or 
green blue cold. (By repeated oxidation and reduction, the 
borax bead becomes ruby red.) Reducing flame, green or 
colorless Jiot, opaque and brownish red cold. 

Erbium. — Erbium oxide heated on a platinum wire colors 
the flame distinctly green. 

Gallium. — If neutral solution of gallium chloride be warmed 
'Nfith zinc) gallium oxide or basic salt separates but not the metal. 

Germanium. — Fuse with sulphur and sodium carbonate. 
Treat with hot water, filter, add a few drops of hydrochloric 
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acid & the filtrate to precipitate white germanium sulphide. 
Filter and heat the residue in a current of hydrogen to reduce 
it to gray-black crystalline germanous sulphide. Dissolve 
the crystals in* hydrochloric acid and pass hydrogen sulphide 
into the solution to precipitate reddish-brown germanous 
sulphide. 

Glucinum. — Ammonium carbonate produces a white pre- 
cipitate, GlCOa, soluble in an excess of the reagent; by boiling 
the solution it is precipitated as a basic carbonate. 

Gold. — Gold may be reduced from its ordh on charcoal to a 
yellow malleable bead which is soluble in aqua regia; if the 
solution be dropped on filter’paper and one drop of stannous 
chloride added, a purple-red color is produced. 

Indium. — Heated on charcoal before the blowpipe it colors 
the flame blue, and gives an incrustation of the oxide. It 
slowly dissolves in hydrochloric and dilute sulphuric acids, 
but readily in nitric acid. 

Iridium. — Ammonium chloride produces in a tolerably con- 
centrated solution of iridium a dark-red crystalline precipitate. 
Iridium is distinguished from platinum by the formation of a 
colorless solution of potassium chloriridiato v*hen caustic potash 
is added to the chloride of the metal, and on exposure to the 
air this colorless solution first becomes red colored and after- 
ward blue. 

Hydrogen sulphide precipitates brown iridium sulphide, 
which is soluble in ammonium sulphide. 

Iron. — Ferrous salts with potassium ferricyanide produce a 
dark-blue precipitate. Ferric salts with ammonia or the fixed 
alkalies produce a brown precipitate. Ferric salts with potas- 
sium or ammonium sulphocyanate produce a blood-red-colored 
precipitate. Ferrous salts with a bead of microcosmic salt or 
borax are colored dark grech. This cok>r readily changes to 
yellow or reddish brown by oxidation. Blowpipe — on coal, 
with reducing flame, many compounds become magnetic. 
Soda assists this reaction. With borax, oxidizing flame, 
yellow to red hot, colorless to yellow cold. With reducing 
flame, bottle green. With tin,, on coal, violet-g^en. With 
sodium phosphate, oxidizing flame, yellow to red hot, greenish 
when cooling, colorless to yellow cold. Reducing flame, red 
both hot and cold, greenish when cooling. 

Lead. — Black precipitate formed with hydrogen sulphide, 
chrome yellow with chromates. In nitric acid solution dilute 
sulphuric acid gives a white precipitate of lead sulphate. Blow- 
pipe — on coal, lead is reduced in either flame to malleable metal, 
and yields near the assay a dark lemon-yellow coat, sulphur 
yellow cold, and bluish white at border. The phosplfate yields 
no coat without the aid of a flux. With bismuth flux on plaster 
chrome-yellow coat, blackened by (NH^S. pn coal, .volatile 
yellow coat, darker hot. Flame, azure blue. With borax »r 
sodium phosphate, oxidizing flame, yellow hot, colorless, cold. 
Flames opaque yellow. In reducing flame, borax bead becomes 
'clear; S. Ph. bead, cloudy. 
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Lithium. — In the Bunsen flame a fine carmine-red color is 
produced visible if sodium is present by viewing the flame 
through cobalt glass. If silicon is present, make into a paste 
with boracic-acid flux and water and fuse in the blue flame. 
Just after the flux fuses the red flame will appear. 

Magnesium. — To a solution of magnesium add ammonium 
chloride, ammonia and sodium phosphate; a white precipitate 
(MgNH 4 P0 4 ) forms. The action is hastened by rubbing the 
sides of the beaker with a glass rod. Blowpipe — on coal, 
with soda, Mg iS insoluble and not absorbed by the coal. 
With borax or sodium phosphate, clear and colorless; can be 
flamed opaque white. With cobalt solution, strongly heated, 
becomes a pale flesh color. (With silicates this action is of 
use only in absence of coloring oxides. The phosphate, arsenate 
and borate become violet colored.) 

Manganese. — Ammonium sulphide produces a flesh-colored 
precipitate. A solution containing traces of manganese boiled 
in concentrated nitric acid with lead peroxide or sodium 
bismuthate and allowed to settle gives a violet-red-colored 
solution (HMn() 4 ). The borax bead with manganese in the 
oxidizing flames gfvcs an amethyst-colored bead (with much, 
black or opaque) and this in the reducing flame becomes 
colorless or with black spots. With soda, oxidizing flame, 
bluish green and opaque when cold. Nitrate assists the reac- 
tion. If silicon is present, dissolve in borax, then make soda 
fusion. 

Mercury. — Stannous chloride heated with a solution of 
mercury precipitates gray metallic Hg. Mercury compounds 
mixed with sodium carbonate and heated in a, closed tube 
produce a gray mirror of metallic Hg. With bismuth flux, on 
plaster, Hg gives a volatile yellow and scarlet coat. If too 
strongly heated the coot is black and yellow. On coal Hg gives 
a coat faint yellow at a distance. In matrass gives mirror-like 
sublimate, which mav be collected in globules. (Gold leaf is 
whitened by the least trace of mercury vapor.) 

Molybdenum. — To a strong nitric acid solution of molybde- 
num add pearly enough amrqonia to neutralize the acid and 
then add a few drops of sodium phosphate solution. A bright- 
yellow, crystalline precipitate forms when the solution is 
warmed. A hydrochloric or sulphuric acid solution of molybde- 
num, to which zinc or stannous chloride is added, turns first 
blue, then green, and finally brown. On coal, with oxidizing 
flame Mo gives a coat yellowish when hot, white when cold, 
crystalline neaV assay; in reducing flame the coat is turned in 
part deep blue' in part copper red. Its Bunsen-burner flame 
is yellowfsh green. With borax, oxidizing flame, yellow when 
hot, colorless when cold. Reducing flame, emerald green. 
The usual chemical test for molybdenum ores is to heat a small 
piece of <ihe mineral in a porcelain crucible with a drop of 
sulphuric, acid until fumes nearly cease; then cool. A fugitive 
deep-blue coating appears. The mineral molybdenite, how- 
ever, must first be oxidized by boiling to dryness with a few 
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drops *of nitric acid, or by roasting in the air. Dr. Moir 
suggests the following test, which gives a permanent blue. 
A solution containing a trace of the alkali moly bdate is acidified 
with acetic acid and hydrazine sulphate added. The solution 
rapidly becomes blue and retains the color even on boiling. 
The best-known sensitive test for molybdenum is said to be to 
treat the acid solution with a sulpho-cyanide and then introduce 
a piece of zinc. A crimson color is produced. If iron is present 
the blood-red color of the iron compound disappears on the 
addition of the zinc. 

Neodymium. — The didymium salts are violet and are identi- 
fied by a characteristic absorption spectrum. 

Nickel. — Potassium cyanide produces a bright-green pre- 
cipitate, Ni(CN) 2 . When nickel compounds are heated with 
reducing agents before the blowpipe, an infusible magnetic 
powder is produced. If this powder is dissolved in a drop or two 
of dilute nitric acid and evaporated to complete dryness, a 
characteristic green stain is obtained which becomes yellow on 
further heating. Nickel compounds color the borax bead 
brownish yellow in the oxidizing flame, the bead becoming 
gray and opaque in the reducing flame, owing to the separation 
of metallic nickel. Nickel is precipitated in alkaline solution 
by ammonium sulphide, which dissolves in an excess of ammo- 
nium sulphide forming a dark-colored solution. 

Osmium. — It is dissolved in fuming nitric acid, or by fusing 
with sodium hydroxide and potassium nitrate and then treat- 
ing with nitric acid and distilling. Osmic oxide (0s0 4 ), which 
sublimes at a moderately low temperature, passes over and 
condenses as a colorless crystalline mass. The osmic oxide has 
an odor similar to chlorine and is poisonous. A solution 
containing osmium, either as the tetroxide or any chlorosmiate 
when heated with thiourea in excess and with a few drops of 
hydrochloric acid, gives a bright-red or*pink color according 
to the concentration of the osmium present. The reaction 
is delicate to one part in 100,000. The composition of the 
red compound is said to be Os (N^H^CS^Cla-H'iO. 

Palladium. — Dissolves in nitric acid or aqua regia. Potas- 
sium iodide added produces v» black precipitate/ palladous 
iodide (Pdl 2 ), soluble in an excess of the reagent but not 
soluble in water, alcohol, or ether. Mercuric cyanide, Hg(CN) 2 , 
produces a yellowish-white gelatinous precipitate, Pd(CN) 2 , 
which, on ignition, leaves the spongy metal. See also special 
articles on palladium determination on p. 330. 

Platinum. — When heated with sodium carbonate on charcoal, 
gray spongy metal is reduced. This, rubbed on a mortar with a 
pestle, gives a metallic luster and is insoluble in any single acid. 
See also special articles on platinum determination on p. 330. 

Potassium. — A solution of H 2 PtCl 6 added to concentrated 
solutions of potassium gives a yellow precipitate K 2 PtGL. In 
the Bunsen flame potassium gives a violet color, ^visible If 
sodium also is present if viewed through cobalt glass. 

» Praseodymium. — See Neodymium. 
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Radium. — To the Burffeen flame a radium salt imparts an 
intense carmine-red color. Radium rays discharge a charged 
electroscope and may be used for making photographs on 
ordinary X-ray plates. 

Rhodium. — Before the blowpipe on charcoal with sodium 
carbonate the salts of rhodium are reduced to the metal, which 
is insoluble in aqua regia , but may be dissolved by fusing it 
with potassium pyrosuiphate and then treating the fusion with 
water. By adding to this solution potassium hydroxide and a 
little alcohol the brown rhodium hydroxide is formed. 

Rubidium. — A solution of H 2 PtCl 6 produces a white crystal- 
line precipitate, Rb 2 PtC G , which#is less soluble than the corre- 
sponding potassium salt and more soluble than the ciesium 
salt. The flame test gives a color similar to the caesium test. 

Ruthenium. — Ruthenium is practically insoluble in all acids 
and in aqua regia. Fuse it with potassium hydroxide and 
potassium nitrate. The resulting K 2 RuO« heated with NaCl 
in a current of chlorine yields soluble K 2 RuCl G . The greenish- 
black fusion treated with water yields an orange-yellow solution, 
which stains the skin black. 

Scandium. — A hydrochloric acid solution of scandium treated 
with solid sodium silicofluoride and boiled 30 min. gives a 
precipitate containing scandium free from the rare earth metals. 

Silver. — When fused with sodium carbonate on charcoal 
before the blowpipe, a bright metallic silver bead is produced, 
which may be dissolved in nitric acid and precipitated from 
the solution by hydrochloric acid as a curdy precipitate of 
silver chloride, or, if only a trace of silver is present, as a mere 
opalescence. 

Sodium. — To a neutral or weakly alkaline solution add 
potassium pyroantimonate, K 2 H L >Sb 2 03 , and a heavy white 
crystalline precipitate, Na 2 H 2 Sh. 2 Oi, is quickly formed by 
rubbing the sides of Uie beaker with a glass rod. Solutions of 
sodium on a platinum wire in a Bunsen flame give a yellow 
color. 

Strontium. — Solutions on a platinum wire color the Bunsen 
flame carmine red, improved by moistening with HC1. Stron- 
tium sulphate is less soluble frhan calcium sulphate, but more 
soluble than barium sulphate. If barium is present the flame 
turns brownish yellow. The lithium flame is unaffected by 
addition of barium chloride. 

Sulphur. — Fuse on coal with soda and a little borax in the 
reducing flame and place melt on a bright silver coin, Moisten, 
crush, and le£ stand. In presence of sulphur the coin will 
turn brown or -black. 

Thalliitm. — Dissolve in dilute acid, add H 2 S, filter. Add to 
the filtrate ammonium sulphide and filter. If thallium is 
present in the precipitate it will color the Bunsen flame emerald 
jg-een. • % • 

Thorium. — Fuse in a platinum crucible with sodium carbon- 
ate. Cool, dissolve in water and hydrochloric acid. Evapo- 
rate to dryness and bake. Take up with dilute hydrochloric 
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acid, filter. Add ammonia to the* filtrate, filter. Dissolve the 
precipitate in hydrochloric acidj reprecipitate with oxalic acid, 
filter, ignite the residue. Dissolve m hydrochloric acid. 
Evaporate to dryness. Take up with water. Add an excess 
of sodium thiosulphate and boil to precipitate. 

Tin. — Mercuric chloride added to a solution of a stannous 
salt precipitates white mercurous chloride. A trace of stannous 
chloride in solution added to a solution of gold chloride pre- 
cipitates finely divided gold, brown by transmitted light and 
bluish green by reflected light. Metallic* zinc precipitates tin 
from solution as a spongy mass, which adheres to the zinc. 
Heat the ore on charcoal with sodium carbonate or potassium 
cyanide; a metallic bead is produced which is coated with white 
oxide when the flame is removed. Cassiterite in lumps in a 
test-tube with metallic zinc and dilute sulphuric acid is soon 
coated with metallic tin. 

Titanium. — Titanium sulphate with hydrogen peroxide in a 
slightly acid solution produces an orange-red color, or a clear 
yellow with small amounts of titanium. Vanadic acid with 
hydrogen peroxide produces a similar effect. Tin or zinc in 
hydrochloric acid solutions of titanium produces a violet color 
due to Ti 2 Cl 2 . * 

Tungsten. — Treat with hydrochloric and nitric acids (4:1) 
and take to dryness, wash by decantation, add dilute hydro- 
chloric acid and metallic zinc, aluminum, or tin and shake; a 
fine blue coloration or precipitate is produced, W 2 0 6 ; the color 
disappears when diluted with water. Fuse in platinum with 
potassium bisulphate, digest with a solution of ammonium 
carbonate, filter, add to the filtrate a few drops of SnCl 2 solu- 
tion, acidify with hydrochloric acid, warm gently; a fine blue 
color is produced. The microeosmic salt bead made in the 
reducing flame is clear blue; if iron is also present, the bead will 
be red brown. In the oxidizing flafftc the bead is colorless. 

Uranium. — Potassium ferrocyanide produces a brown pre- 
cipitate, in dilute solution a brownish-red coloration. The 
borax (or microcosm ic salt) bead is yellow in the oxidizing 
flame and green in the reducing flame. 

Vanadium. — Vanadium compounds can be dissolved by a 
treatment with acids or alkalies. The hydrochloric acid 
solution assumes a bright blue color on addition of zinc. A 
solution of hydrovanadic sulphate cannot be distinguished in 
color from on of copper sulphate when sufficiently diluted with 
water, but, of course, does not become colorless in the presence 
of metallic iron. Solutions of certain vanadates also closely 
resemble solutions of the chromates. For instance, a solution 
of the tetra vanadate of potassium, K 2 V 4 On, doesmot differ in 
appearance from one of potassium dichromate. They may, 
however, be distinguished from one another, since the vanadate 
solution becomes blue and the chromate* assuijie& a gj-een 
color on deoxidation. When a solution of vanadic acid dr an 
acid solution of an alkali vanadate is shaken up with ether 
containing hydrogen peroxide, the aqueous solution assumes a 



330 METALLURGISTS AND CHEMISTS’ HANDBOOK 


red color like that of ferric *lacetate. This reaction serves*' to 
detect one part of vanadic acid in 4000 parts of the liquid. 
Chromic acid does not interfere with the reaction. 

Yttrium. — Extract the yttrium in the manner described 
under Cerium and separate it from the other rare earths in a 
solution of their sulphates by adding a saturated solution of 
potassium sulphate. Yttrium sulphate is soluble; the others 
are not. 

Zinc. — Ammonium sulphide precipitates ZnS. Potassium 
ferrocyanide produces^, white precipitate, Zn 2 Fe(CN«). Before 
the blowpipe on charcoal with sodium carbonate, a coating of 
oxide is produced which is yellow while hot and white when 
cold. With cobalt nitrate on charcoal an infusible green mass 
is produced. 

Zirconium. — Treat with dilute sulphuric acid (2:1), filter, 
add ammonia Jto the cold filtrate, filter; wash, dissolve the pre- 
cipitate in hydrochloric acid, evaporate to dryness. Take 
up with a little water and add to the cold saturated solution 
hydrochloric acid, drop by drop; if zirconium is present, the 
oxychloride will be precipitated. Heat to dissolve the pre- 
cipitate. Cool and after some time fine silky needles of 
ZrOCl 2 + 8H 2 0 will precipitate. 


DETERMINATION OF PLATINUM, PALLADIUM AND 
GOLD 1 

Scorify the lead buttons from two or more J£-a.t. crucible 
fusions together, adding at least six times as much silver as the 
combined weight of the Pt, Pd and Au present, and cupel hot. 
In rich materials such as slimes or concentrates, two J^-a.t. 
fusions suffice, but low-grade ores may require 10 or more 3^-a.t. 
fusions combined for eac^ determination. 

Part the silver beads with HN0 3 (1:6), followed by stronger 
parting acid (1:1) and wash with water as usual. All Pd 
goes into solution, together with considerable Pt. The residue 
consists of Au plus some Pt. Dissolve residue in strong aqua 
regia and reserve the solution (solution A). Precipitate the 
silver in the iifcric-acid solution — Containing Ag, Pd and some 
Pt — with HC1. Practically all the Pt will remain in solution; 
but the precipitated AgOl is pink in color and contains con- 
siderable Pd. Filter off the AgCl, scorify and cupel it and part 
again with HN0 3 (1:6); all should dissolve. Reprecipitate 
the Ag with HC1. The liquid now contains most of the remain- 
ing Pd, but soma is co-precipitated with AgCl. Filter off 
the AgCl and add the filtrate to the first filtrate from AgCl. 
Again scorify and cupel the silver chloride, dissolving the silver 
in nitric acid as before and reprecipitating the silver as chloride. 
In most cases the filtrate from this silver chloride contains all 
the remaining Pd. * If, however, the AgCl is distinctly pink, 
another separation must be made. 

1 From an article by A. M. Smoot, Eng. and Min. Journ Apr. 17, 1915- 
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finite all filtrates from AgCl precipitations and evaporate to 
small bulk, adding the aqua-regia solution of the Au and Pt 
(solution A). The liquid now contains all the Au, Pt and Pd 
present in the original ore, together with traces of Ag due to 
solubility in AgCl in excess of HC1, and also traces of Pb 
gathered from the lead retained in the silver buttons from the 
several recupellations. 

Evaporate the liquid to dryness on the steam bath; take up 
with dilute HC1 (1:3) and evaporate agai to dryness; take 
up with five drops of HC1 and 40 cc. H 2 0.i Pay no attention to 
any insoluble residue of AgCl or PbOL. 1 Precipitate gold by 
adding, say, 3 grams of oxalic acid to the solution and boiling 
it. Let stand over night and filter off the Au. If Pt and Pd 
are high, it is necessary to rcdissolve the Au in aqua regia , 
evaporating with HC1 to dryness and repeating the oxalic-acid 
precipitation, uniting the filtrate with that from the first gold 
precipitation. Burn the filter containing the gold and scorify 
it with six times its weight of silver and a little test lead; cupel, 
part and weigh the gold as usual. 

To the oxalic-acid filtrates from Au add 5 cc. of HC1 and make 
volume up to 150 cc.; heat to boiling and precipitate Pt and Pd 
with a rapid current of Ii 2 S in hot solution, passing the current 
of gas for some time and keeping the solution hot during pre- 
cipitation. Filter and wash the Pt and Pd sulphides with 
H 2 S water containing a little HOI. Wash the precipitate from 
the filter with a fine water jet info an original beaker; spread 
the filter paper (which will contain a small amount of precipitate 
impossible to wash off) with the precipitate side down over the 
lower side of a watch-glass cover. Add aqua regia to the 
precipitate in the beaker and place the cover on the beaker; 
warm gently to dissolve the Pt and Pd sulphides. The fumes 
arising from the acid dissolve the traces of Pt and Pd adhering 
to the filter paper. When solution is complete and the filter 
paper is white, remove the watch-glass cover and wash the 
paper with hot dilute HC1 thrown against it in a fine stream. 

Evaporate the aqim-regia solution to dryness, take up the 
residue with HC1 and evaporate again to dryness to remove all 
PINO 3 . Take up the residucVith two or three dfbps of HC1 and 
about 2 cc. of H 2 0. The solution is usually perfectly clear, 
but it may be slightly cloudy owing to the presence of a little 
AgCl in it. No attention need be paid to this, however. Add 
5 to 10 cc. of a saturated solution of NH„C1, stir well and allow 
to stand over night. Platinum is precipitated as ammonium- 
platinum chloride — (NHOaPtCU. Filter and wash the pre- 
cipitate with 20 per cent. NH 4 C1 solution. All Pd passes into 

1 In material rich in palladium the small amount of Agdjl -f PbCli may 
be distinctly pink in color and retain weighable quantities of Pd. If this is 
the case, the Pd may be recovered in the solution from the nitric acid parting 
of the gold. To do this, precipitate the silver in thiJ liquid by adding HC1, 
filter off the silver chloride and evaporate the filtrate to drjmess. Tike up 
with a drop of HC1 and a little water, let stand over night and filter through a 
very small filter. This liquid may be added to solution B before precipitat- 
ing palladium with glyoxime. 
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the filtrate which is reserved (solution B ). Dissolve the'Pt 
precipitate in boiling hot 5 per cent. H 2 SO 4 ; heat the liquid to 
actual boiling and precipitate with H 2 S as before, filtering and 
washing with H 2 S water. Burn the filter and precipitate at a 
low temperature in a scorifier; add six times as much Ag as Pt, 
scorifying with lead, cupel and part the silver bead containing 
the platinum with H 2 SG 4 ; decant off the silver solution and 
wash once with strong H 2 S0 4 , followed by 50 per cent. H 2 S0 4 
until practically all silver is washed away; finally wash with 
water, anneal and weigh. A minute quantity of Ag is retained 
with the platinum, but it can usually be neglected. In very 
important work where the amount c K platinum is large dissolve 
in aqua regia , evaporate the solution to dryness, take up with 
a drop of HC1, dilute largely with water and let the AgCl 
settle over night; filter on a small paper, cupel it with a little 
sheet lead and deduct the weight from the weight of platinum. 
This refinement need not be considered in materials running 
less than 15 or 20 oz. to the ton. 

It may seem an unnecessary stop to precipitate the platinum 
as sulphide, scorify it with silver and part it as described in the 
foregoing. General jy notice has been to ignite the ammonium- 
platinum-chloride precipitate and weigh the metallic residue. 
When this is done, however, there is danger of losing con- 
siderable platinum, which is carried away mechanically during 
the decomposition of the compound ; i urthermore, it is extremely 
difficult (if not impossible) to collect the finely divided residue 
for weighing, and the precipitate invariably contains lead and 
silver. Precipitation as sulphide, scorification and cupellation 
with excess silver and parting with sulphuric acid overcome 
the difficulties inherent in handling the ammonium precipitate. 

The palladium is all contained in the filtrate and washings 
from the platinum-amnjpniuin-chlortde precipitates (solution 
B). Add to this solution at least seven times as much 
dimethylglyoxime as there is Pd present (in any case, at least 
0.1 gram glyoxiine). The precipitant should be dissolved in 
a mixture of two-thirds strong IIC1 and one-third water. 
Dilute the liquid to 250-300 cc., heat on a steam bath for half 
an hour and fat stand over nigfit. IM is precipitated as a 
voluminous, yellow, easily filtered glyoxiine compound (C 8 Hi 4 - 
N 4 () 4 ) J’d, containing, when dried at 110°C., 31.686 per cent, 
of Pd. Filter the Pd precipitate on a weighed Gooch crucible 
and wash it first with dilute HC1, half and half, then with 
warm water and finally with alcohol; dry it at 110° to 115°C. 
and weigh. The. disadvantage of weighing palladium on a 
Gooch crucible is overcome — at least to some extent — by 
the fact th^ii the Pd compound contains a relatively small 
amount of Pd — less than one-third of its w r eight. This com- 
pound may also be weighed on carefully counterpoised papers; 
but jt is better to fase Gooch crucibles, if they are available, 
because of fhe relatively strong acid which is required for 
washing. The object in using half-and-half hydrochloric 
acid as a wash liquid is to dissolve out any excess of the glyoxime 
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P r «y?ipit a nt. This is easily soluble in moderately strong 
HCl, but is substantially insoluble in water. 

DETERMINATION OF SILVER IN ORES AND 
CONCENTRATES CONTAINING PLATINUM AND 
PALLADIUM 

Make the usual crucible fusion on one-quarter, one-half 
or full assay ton, according to the amount of silver present. 
Instead of cupeling the lead button, hammer it free from slag 
and dissolve it in dilute nitric acid. MosH of the silver passes 
into solution together witl\ palladium, and perhaps a trace of 
platinum; but gold and most of the platinum remain insoluble. 
The gold and platinum retain an appreciable proportion of 
silver which cannot be washed out. Filter out the insoluble 
residue and wash it thoroughly with hot dilute nitric acid, 
followed by hot water. Scorify the residue once more with a 
little lead and dissolve the lead button as before, filtering into 
the beaker containing the first filtrate. In this liquid pre- 
cipitate the silver as AgCl by adding standing NaCl in sufficient 
quantity; stir well, and if the amount of silver is small, add 
about cc. of strong H 2 S0 4 to form precipitate of lead 
sulphate. Let the silver chloride, or the silver chloride plus 
lead sulphate, settle over night or until the supernatant liquid 
is clear; filter through double filter papers; ignite and scorify 
the residue of silver cldoiide with tost lead. 

If the amount of palladium contained in the sample is small, 
the silver bead obtained by cupeling the lead button obtained 
by scorifying the silver chloride may be considered as sufficiently 
pure for ordinary purposes. It- contains, of course, some 
palladium, and in accurate silver determinations the lead 
button from the first silver-chloride precipitation should be 
redissolved and the silver reprecipit.atid, filtered and scorified 
as before. The amount of palladium retained aft-err the second 
precipitation and scorification is so small as to be negligible. 

SCHEME FOR QUALITATIVE ANALYSIS OF HEAVY 
METALS AND ALKALINE EARTHS 

(The material is either in solution or is capable of being 
readily dissolved.) 

{A) Slightly acidulate solution with HCl. It is best to take 
only a small portion of the solution, and if a precipitate forms, 
see whether it redissolves in more acid. If it does, it indicates 
Sb or Bi. Permanent precipitate shows Ag, Pb, or Hg (ous). 
Filter precipitate ( B ) and reserve solution (C). 

(B) Wash with hot water, and add K 2 Cr 2 0 7 solution to fil- 
trate. Heavy yellow precipitate shows lead. Wash residue 

( B ) with NH4OH, and acidulate filtrate \yth HNCL. Pre- 
cipitate shows Ag. Blackening of filter paper showj? Hg (o js). 

(C) Passdn H 2 S until precipitate coagulates. Precipitate may 
be As (yellow), Sb (orange), Sn" (brown), Sn"" (yellow), 
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Hg' or Hg" (black), Bi (ferown), Cd (yellow), Pb (black), 
Cu (black). Filter, giving precipitate ( D ) and solution (E). 

( D ) Warm with ammonium polysulphide and filter. Fil- 
trate (G) may contain As, Sb, Sn, and traces of Cu. (Also 
Au, Ir, Se, W, Pt, Te. V, of the rare elements.) ’ Precipitate 

( E ) contains Hg, Bi, Cd, Pb, Cu. 

(E) Boil off all H 2 S from the filtrate from the"H 2 S pre- 
cipitation, making sure finally that it is all gone by adding a 
few drops of HNO a and boiling. If organic acids, tartaric, 
citric, or the like are present, it is best to destroy them by 
evaporating almost fo dryness and adding some concentrated 
H 2 SO 4 and fuming HNO 3 . Test a little of the solution for 
phosphoric acid by means of ammonium-molybdate solution 
in nitric acid. If a yellow precipitate shows phosphates, 
evaporate to a thick soup, and add a little tin and nitric acid 
and boil until action ceases. Dilute, filter and repeat. The 
phosphorus is removed as stannous phosphate, all but traces of 
the tin remain undissolved as metastannic acid. If only traces 
of the further groups of metals are being looked for, boil off 
all the nitric acid with repeated additions of HC 1 , throw out the 
last of the tin with H 2 S, filter, then boil off the H 2 S and remove 
the last traces of it with HNO. ( , as above specified. If phos- 
phorus is not present, all of this is unnecessary. Add a little 
NH4CI and make the solution ammoniacal. Fe, A1 and Cr 
are precipitated 1 (L). Boil off excess of ammonia, filter; 
solution (M) contains Co, Mil, Ni, and Zn and the alkaline 
earths and alkalis. 

( F ) Heat residue from ammonium polysulphide leaching 
with dilute (10 per cent.) HNO ;{ and filter. Heat residue with 
concentrated IINO 3 , dilute and filter, combining the two fil- 
trates. The precipitate (//) remaining consists of HgS and S. 
The filtrate (7) contains Cd, Bi, Cu, Pb . 2 (If the original treat- 
ment is made with conqpntrated Ilfl0 3 all of the PbS may be 
oxidized to PbS (>4 and remain with the mercury. PbS is 
soluble in 10 per cent. lINO a according to the equation PbS 
+ 2 HNO 3 = Pb(N0 3 ) 2 + H 2 S). 

(G) Throw down precipitate from (NH 4 ) 2 S 2 solution with 
HC1. Leach, precipitate with ammonium carbonate. Arsenic 
dissolves. Filter. Add HC1 to Tiltrate to faint acidity. Pass 
in H 2 S. Yellow precipitate shows arsenic. (May be confirmed 
by Marsh test.) Dissolve remainder of precipitate E in strong 
HC1. Dilute and add metallic zinc in contact with a small 
piece of platinum. Precipitate of metallic tin and antimony 
forms. Treat with HC1 and filter. To filtrate add HgCi 2 
solution. White' to gray precipitate of Hg 2 Cl 2 shows tin. 
Treat residue from extraction with aqua regia , boil off excess 
Cl and Htf0 3 , and pass in H 2 S. An orange precipitate of 

1 The hydroxide precipitate will carry down Ab, Sb, Se, To, Sn, P and Ti if 
theg are present, whfch reaction affords an easy way to concentrate these 
elements irons a large bulk of copper in exact copper analysis. 

2 Pd and Os belong in the H2S group of metals whose sulphides are insoluble 
in (NIH^Sa. 
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Sb^Sfi confirms the presence of anfimony, already indicated by 
a blackening of the platinum. 

( H ) Dissolve precipitate in aqua regia. Boil off excess of 
Cl and HNOj» and add SnCl 2 . A white to gray precipitate 
confirms presence of mercury, probably already indicated by 
the black residue from the HN0 3 leaching. 

(/) Add a few drops of H 2 S0 4 to solution. White pre- 
cipitate indicates lead. Filter, getting precipitate (J) and 
solution ( K ). 

( J ) Treat precipitate on filter with hot ammonium acetate 
and filter, adding K 2 Cr 2 0, to filtrate. Chrome-yellow pre- 
cipitate confirms presence of lead. 

( K ) Evaporate to small bulk, add about eight times bulk of 
alcohol, warm and filter (to ensure removal of all lead). Evapo- 
rate off alcohol on sand bath and make strongly ammoniacal. 
White precipitate indicates Bi. Blue solution indicates Cu. 
The blue may be so intense as to mask the Bi(OH) 3 precipitate. 
Filter and wash, and treat filter paper with strong HC1, catch- 
ing strong HC1 solution in a beaker. Dilute largely. White 
precipitate shows Bi. Take blue copper solution and add 
1\CN solution until blue color just disappears and pass in H 2 S. 
Bright-yellow precipitate indicates Cd. 

(L) Leach precipitate with hot KOH solution. Make 
teachings acid with II Cl and add ammonia. White flocculent 
precipitate indicates alumina. Dissolve half of original pre- 
cipitate with HC1 and add K 4 FeOy f) . Precipitate of Prussian 
blue confirms presence of iron, probably p.lready indicated by 
red color of precipitate. Take the other half of the precipitate 
and fuse with sodium carbonate and sodium nitrate. A yellow 
melt indicates sodium chromate. Dissolve melt in water, 
acidify with acetic acid and add a drop of lead-acetate solution. 
Precipitate of lead chronmte confirm^ presence of chromium, 
probably already indicated by a greenish hydroxide precipitate 
or the yellow melt. 

(A/) Pass m H 2 S into solution. Mn, Zn, Co, Ni precipi- 
tate. Filter. Filtrate (AT) contains alkalies and alkaline earths. 
Treat precipitate with cold dilute HC1. Mn and Zn dissolve. 
Add KOH in excess. Filter,* acidify filtrate with acetic acid 
and pass in H 2 S. A white or nearly white flocculent precipitate 
confirms the presence of Zn. Take the precipitate from the 
KOH precipitation and fuse w T ifh Na 2 C0 3 and NaN0 3 . A 
green melt shows manganese. Take the residue insoluble in 
HC1 and touch a borax bead to it and heat. A bead, violet 
when hot, blue when cold, show's cobalt. A gray bead (cold) 
shows Ni only, but this is easily masked by cobalt blue. So if 
the bead is blue, dissolve the residue in aqua regie?, evaporate 
to soup, dilute, and add HCN until the precipitate first formed 
rcdissolves. Heat solution gently, add a little NaOH^ then Br 
( Under a hood). A black precipitate shows nickel. # , 

(N) Boil until H 2 S odor becomes faint, add NH 4 OIT and 
(NH 4 ) 2 C0 3 and warm slightly. Ba, Sr, and Ca precipitate. 
Filter and dissolve precipitates in HC1. Add H 2 S0 4 to part of 
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the solution. Precipitate indicates Ba or Sr or both. *To 
another part of the solution add K 2 Cr 04 . An immediate 
precipitate of a pale yellow color shows Ba. In the filtrate Sr 
can be determined by the reddish color given a Bunsen burner 
flame, while Ca can be precipitated as calcium oxalate (white) in 
ammoniacal solution. Calcium colors a Bunsen flame reddish 
yellow, and Ba a vivid green. 

(O) Add ammonium- or sodium-phosphate solution to the 
filtrate from the Ba, Ca, Sr precipitation. Stir, cool, and 
allow to settle over flight. Granular white precipitate shows 
Mg. 

Qualitative Tests for Acids 1 


The acid-radicals cannot be advantageously precipitated in 
groups, and the members separated and identified as with the 
metals. They are usually detected in the course of analysis 
by special tests. They may, however, be arranged in groups of 
such acid-radicals as resemble one another. A consideration 
of the metals present, in case the material is in solution, will 
often rule out many acids as possibilities at once. 

The acids may be arranged as follows: 

Group I. — Acids which are precipitated by AgNO„ in presence 
of nitric acid. 


Hydrosulphuric acid H 2 S 

Hydrochloric acid HC1 

Hydrobromic acid HBr 

Hydriodic acid HI 

Group II. — Acids whose salts deflagrate on charcoal. 
Nitric acid HN0 3 

Chloric acid HC10 3 

Group III. — Acids whjch cannot bfc classified. 

Boracic acid H 3 B0 3 

Carbonic acid H 2 C0 3 

Chromic acid H 2 Cr0 4 

Hydrofluoric acid HF 

Phosphoric acid H 3 P0 4 

Silicic acid H 4 Si0 4 

Sulphuric acid H 2 S0 4 

Arsenic acid H 3 A 8 O 4 

Hydrocyanic acid, acetates HCN 


GROUP I 

H 2 S. — A^N0 3 gives a black pp. of Ag 2 S insoluble in dilute 
acids. 

Lead acetate — a black pp. of PbS insoluble in dilute acids. 

Dilute cHCl- -many sulphides when heated with dilute HC1 
evdives H 2 $, which blackens paper moistened with lead acetate. 

1 James Faiik, “A Text-Book of Practical Assaying,” with some original 
additions. 
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If cnuch H 2 S is present, there wMl be the characteristic odor 
present, but do not smell the gas coming off unless you are 
sure no cyanides are present. It is safer to have some one else 
smell it, anyway. 

HC1. — AgN 0 3 — a white pp. of AgCl at first white, turns violet 
on exposure to light. Readily soluble in ammonia and KCN. 
Insoluble in dilute nitric acid. 

Lead acetate — a white pp. of PbCl 2 soluble in hot water. 

Strong H2SO4 — when heated with dry chlorides causes evolu- 
tion of HC 1 gas, chlorides of Hg and Sn ^xcepted. Bromides, 
iodides, fluorides, cyanidtis, carbonates, sulphides, sulphites, 
thiosulphates and acetate? also give off characteristic gases 
during this test. 

M11O2 4 - H2SO4 — when mixed with a chloride causes evolu- 
tion of chlorine, which bleaches wet litmus paper or a green 
leaf. Iodine and bromine are also evolved by this means. The 
colors are characteristic. 

HBr. — AgN 0 3 — a yellowish-white pp. of AgBr; sparingly 
soluble in ammonia but readily in KCN. Insoluble in dilute 
nitric acid. Phosphates also give a yellow precipitate. Test 
for phosphoric acid in ammonium molybdate in HNO3 solution. 

Lead acetate — a white pp. of PbBr 2 . * 

Strong H2SO4 — with a dry bromide causes evolution of HBr 
vapors. 

Mn 0 2 + H2SO4 — causes evolution of Br, which turns starch 
paper yellow. 

Chlorine water or HC 1 + two drops of NaCIO, when added, 
drop by drop, to a solution of a bromide liberates Br, which 
colors solution orange red. Avoid excess of Cl, as it destroys 
color. When a portion is warmed, reddish-brown vapors are 
given off. If three drops of CS 2 are added, the Br will sink 
to the bottom. • 

HI. — AgNO ? — a yellowish-white J^p. of Agl. Sparingly 
soluble in ammonia; readily in KCN. Insoluble in dilute 
nitric acid. 

Lead acetate — bright yellow pp. of Pbl 2 . 

Chlorine water — reacts for iodine, giving a brown solution 
and violet vapors. To a portion add starch solution, an intense 
blue is produced. 


GROUP II 

Nitric Acid (Nitrates) 1 

Dry Reactions . — 1. If a nitrate is heated on charcoal it 
deflagrates, the charcoal burning at the expense of the O of 
the nitrate. Nitrites, chlorates, chromates, manganates and 
permanganates also give this reaction. 

2 . If a mixture of a nitrate and KCN powder be heated on 
platinum foil, deflagration takes place. Thi$ is a ctokcate test. 

Wei Reactions. — 1. Strong H2SO4 heated with nitrate caffses 
evolution of fumes of nitric acid. Nitrites give this reaction. 

1 Nitrites also give most of these reactions. 
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2. Mix sol. of a nitrate with strong sol. of FeS0 4 . Hpld 
test-tube in a slanting position and pour strong H 2 S0 4 down to 
bottom. A purple or brown color will mark the plane of contact 
of the fluids. Nitrites also give this and the following reaction. 

3. Copper filings and H 2 S0 4 heated with a nitrate liberate 
NO, which becomes peroxidized to N0 2 on contact with the air. 

4. A sol. of indigo boiled with HC1 and a sol. of a nitrate 
is decolorized. Not characteristic, as chlorine reacts the same. 

5. A little brucine dissolved in H 2 S0 4 when added to a sol. 
of a nitrate gives a fiye red color. This is a very delicate test. 

6. Free nitric acid may be detected by evaporating to dryness 
with quill-cuttings. These will be qplored yellow. 

It gives with FeS0 4 a brown rjng; and with copper filings or 
foil a reddish-brown gas, N() 2 , and a blue color. 

The most delicate test foi nitrates is to take 2 or 3 cc. of the 
solution in HC1, add 12 drops of a solution of diphenylamine in 
sulphuric acid, then run in II 2 S0 4 below the mixture. A faint 
blue will be given by 1 part in 1,000,000 of HN0 3 . 

Chloric Acid (Chlorates) 

Dry Reactions. — 1^ Chlorates when heated on charcoal 
deflagrate far more violently than nitrates. So do perchlorates. 

2. Heated on charcoal with KCN, chlorates detonate vio- 
lently. Use only small quantities in this experiment. 

Wet Reactions. — 1. A few drops of H 2 S0 4 added to a small 
quantity of a chlorate liberate chlorine peroxide (C10 2 ) which 
colors the H 2 S0 4 intensely yellow, and has a strong odor of Cl 
and a greenish color. This experiment should be tried in a 
watch-glass without heat , as an explosion might take place. 

2. If a cold sol. of indigo is added to a cold sol. of a chlorate 
till distinctly blue, and some H 2 S0 4 then poured in and shaken, 
the blue color of the indigo is at once destroyed. Chlorites, 
perchlorates, and hypochlorites also give this reaction. 

3. If a chlorate is mixed with Na 2 COa and ignited, 0 2 is 
given off and a chloride remains. On dissolving the residue, 
acidifying with nitric acid, and adding silver nitrate, a white 
pp. of AgCl is formed. 

GROUP III 
Boracic Acid 

Dry Reactions. — 1. Boric acid tinges the Bunsen flame 
green. 

2. Pour some methylated spirits on finely powdered borax 
in a porcelain dish; add a little II 2 S0 4 ; mix and ignite; the 
flame will sjjow a green edge. 

Wet Reactions. — 1 . If a sol. of an alkaline borate is mixed 
with HC1 to slight but distinct acid reaction, and a strip of 
turmeric paper is Juilf dipped into it and then dried at 212°F. 
(1O0°C.), tlJe dipped half will show a peculiar red color — very 
delicate. Sodium carbonate turns this to a dark blackish-green, 
and HC1 will restore the color. 
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Carbonic Acid 

Wet Reactions. — 1. Almost any acid when poured on a car- 
bonate in a test-tube causes effervescence due to rapid evolution 
of 00 2 . When conducted into lime-w T ater this gas causes a pp. 
of CaCOa, which is sol. in large excess of the gas. Cyanides, 
sulphites, tellurides, selenides, sulphides, and thiosulphates 
also effervesce. Be careful not to inhale the gases from these 
compounds. 


Chromic Acid 

Dry Reactions. — 1. Compounds of chromic acid give an 
emerald-colored bead with borax on platinum loop m both 
outer and inner blowpipe flames. 

Wet Reactions. — 1. H 2 S added to an acidified sol. of a chro- 
mate produces a green coloration due to reduction of the 
chromic acid [Cr0 3 ]. A white precipitate of sulphur is formed 
at the same time. 

(Readily oxidizable substances deoxidize K 2 Cr 2 0 7 with pro- 
duction of a chromic salt; the color of the solution at the same 
time changes from orange red to bright gceen.) 

2. H 2 0 2 or Ba0 2 if added to a cold acidified sol. of a chromate 
produces an intense blue coloration, which becomes fixed if 
ether is first added and the liquid well shaken after adding the 
peroxide. The ether assumes and retains the blue color. 
A few drops of HN0 3 are useful. This is an extremely delicate 
and characteristic test. 

3. BaCl 2 gives a light yellow pp. of BaCr0 4 , sol. in HC1 
and HN0 3 . 

4. AgN0 3 gives a dark purple-red pp. of Ag 2 Cr0 4 , sol. in 
KN0 3 and NH 4 OH. 

5. Pb(C 2 H 3 0 2 ) 2 gives a»ycllow pp. of PbCr0 4 , sol. in KOH, 
but insol. in C 2 H 4 0 2 . This precipitate, “chrome yellow," is 
very characteristic. 

6. If insoluble chromates arc fused with Na 2 C0 3 and KN0 3> 
alkaline chromates will be formed, which are soluble in water. 

Hydrofluoric Acid 

The ordinary tests for a fluoride depend on the liberation 
of HF, which is allowed to etch glass. 

1. If strong H 2 S() 4 is warmed with a little finely powdered 
OaF 2 in a test-tube, HF is liberated. 

2. Cover the convex side of a watch-glass with melted paraffin 
or wax. Trace lines near the middle of the glass with the point 
of a penknife so as to remove the wax from these parts, but not 
to scratch the glass. Place the prepared glass on the top of a 
platinum crucible containing the material to be tested and 
some strong H 2 S0 4 . Pour a few drops Af water* into^the 
watch-glass to keep it cool, and gently heat the btfttom of the 
crucible. Allow to stand for 20 minutes. Melt, off wax, and on 
the clean surface the etched lines will be visible. If small 



340 METALLURGISTS AND CHEMISTS’ HANDBOOK 

traces of a fluoride were present, the tracing will become visible 
by breathing on the cold surface of the glass. 

This reaction fails when there is too much Si 02 present, as 
the H 2 SO 4 then liberates SiF 4 instead of HF. 

SiF* does not etch glass, but produces white fumes in moist 
air; when these fumes are conducted into water a colorless 
flocculent pp. of gelantinous silica is separated. 

H 4 Si0 4 = Si0 2 + 2H 2 0 

3. CaCl 2 when adfied to the solution of a fluoride gives an 
almost transparent gelatinous pp. of CaF 2 , which becomes more 
visible when the liquid is heated or when ammonia is added. 


Phosphoric Acid 

Wet Reactions. — 1. MgS0 4 solution (to which ammonium 
chloride has been added and then a little ammonia) gives with 
4 the solution of a phosphate a white crystalline pp. of magnesium 
ammonium phosphate (MgNH 4 P0 4 + 6H 2 0) which rapidly 
settles. This pp. is insol. in NII4OH, but is readily sol. in 
acids, even C 2 II 4 0 2 * If very little phosphate is present, the 
pp. often appears only after the solution has been warmed and 
allowed to stand. 

2. Silver nitrate throws down from neutral solutions a light 
yellow pp. of AgaP0 4 , readily soluble in nitric acid and ammonia. 

3. The solution of ammonium molybdate in nitric acid gives 

in the cold a finely divided yellow pp. which settles rapidly. 
With small quantities of phosphate, a few hours must be 
allowed for the read ion, and the liquid may be warmed gently, 
but not above 40°C. (104°F.). Not more than an equal 

volume of the fluid to be tested should be added to the molyb- 
date. Large quantities^ HC1 interfere with the precipitation. 

The pp. after subsiding may be separated by filtering, 
washed with ammonium molybdate solution, then dissolved in 
ammonia, and, by adding NII 4 C1 and MgS0 4 as in (1), the pp. 
of MgNH 4 P0 4 -h CII 2 0 may be obtained. 

The solution to be tested must not be alkaline to test paper, 
but should be made distinctly acid with HNOa. It should 
then be added in small quantities only to some NH 4 HMo0 4 
sol. in a test-tube, more being added if no yellow pp. forms after 
a few minutes, when the liquid may be gently warmed. 


Arsenates 

The pps.^found in (1) and (3) with a phosphate are precisely 
the same as those formed when an arsenate is present. AgNO s 
gives with an ancyiatc a brown pp.; with a phosphate a yellow 
pp.«* and afiarnonium molybdate solution gives a pp, with an 
arsenate only after boiling instead of gently heating as with a 
phosphate. It is also possible to remove the arsenic with H 2 S 
in HC1 solution before making confirmatory tests for phosphates. 
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t Silicic Atid 

Dry Reaction. — 1. If a fragment of silica or a silicate is 
heated in a bead of microcosmic salt, it remains undissolved 
and floats about in the bead as a more or less transparent mass, 
which retains its original shape. In the case of a silicate the 
bases dissolve out. 

Wet Reactions. — 2. NH 4 C1 produces in not too dilute solu- 
tions of alkaline silicates a pp. of hydrated Si0 2 . 

3. The solutions of alkaline silicates are decomposed by all 
acids, the Si0 2 separating as the gelatinoife hydrate. The acid 
should be added drop by drop and the solution stirred. 

Sulphate Group 

Remarks. — Sulphates are the only commonly occurring salts 
which give with BaCL a pp. insoluble in boiling HC1. (Sele- 
nates also give a pp. of BaSe0 4 with BaCl 2 , but it dissolves on 
boiling with strong HC1 for some time.) 

Tests for Sulphates (SO.i, and a Base) 

Wet Reactions. — 1 . All solutions of the* sulphates give with 
BaCl 2 a white pp. of BaSO* which is insoluble in all acids. 

2. If a sulphate or any solid substance containing sulphur 
is mixed with pure solid Nn 2 CO, t and fused on charcoal in the 
inner reducing blowpipe flame, it will yield Na?S. 

Detach the cold fused mass with the point of a knife, place 
a portion on a bright silver coin, and moisten with II 2 0. Allow 
to remain a short time, and then rinse off; a black stain of 
Ag 2 S will be seen upon the coin, if sulphur is present. 

3. Lead acetate produces a heavy white pp. of PbS0 4 , which 
dissolves readily in hot strong HC1, or jdk aline acetates. 

4. Sulphuric acid gives, with sugar, a black mass. 

5. To detect free sulphuric acid, mix the fluid with a very 

little cane-sugar and evaporate to dryness at 212°F. (100°C.). 
If any is present, a black residue will remain; or with small 
traces a blackish-green residue. No other free acid decomposes 
cane-sugar in this way. * * 

Cyanides and Acetates 

Cyanides. — These give a blue color w r ith a mixture of ferrous 
and ferric salts. 

Acetates evolve a characteristic odor when present in large 
quantity in strong sulphuric-acid solution. They give a 
blood-red solution with ferric salts. If the solutionabe neutral 
the iron is precipitated on boiling. 

Some additional tests for other acids are: 

A concentrated solution in hydrochloric *acid yill, wh|n 
II 2 S is passed in, give a precipitate of sulphur if it contains 
nitrates, nitrites, chlorates, sulphites, thiosulphates, arsenates, 
chromates, manganates or permanganates. 
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SOME PROPERTIES OF' RADIOACTIVE StTBSTANQES 

The table below is based on tables in Le "Radium , Jan., 1909, 
Jan., 1910 and Jan., 19*11, and in Zeit. fur Angew. Chemie. July 
6, 1915. See also pages 294-295. 


Substance 

U 

ux 

UY 

Io 

Ra 


RaEm 

(Niton) 

RaA 

RaB 

RaC 

■T» 

IiaD 

llaEi c 
RaE 2 
RaF ? 

(Polonium.) 


Properties 

Sol. in excess of am. carb. Nitrate soluble in 
ether and acetone. Atomic weight, 238.2. 
Half-decay period, 5 X 10'' years. Gives off 
oc particles. 

Carried down by BaS0 4 . Soluble in HC1. Less 
volatile than U. Volatile in electric arc. In- 
soluble in excess of am. carb. Soluble in water 
and ether. Half-decay period, 24.6 days. 
Gives off d and y particles. 

Carried down by barium sulphate, with moist 
ferric hydrate, and by animal charcoal. Half- 
decay period, 1.5 days. 

Soluble in excess of am. oxalate. Carried down 
by H 2 0 2 in presence of U salts. Half-decay 
perk.d, over 2 X 10 6 years (?). Gives off 
oc particles. 

Characteristic spectrum. Spontaneously lumi- 
nous. Analogous to Ba. RaCl 2 and RaBr 2 
are less soluble than BaCl 2 and BaBr 2 . Atomic 
weight, 220.4. Half-decay period, 2000 years. 
Gives off a and (.1 particles. 

One of group of inert gases. Characteristic spec- 
trum. Mol. wt. = 218 Half-decay period, 
3.85 days. « particles. 

Behaves as a solid. Deposited on cathode in an 
elec tri Ok field. Volatile at 800-900°C. Soluble 
in strong acids. Half-decay period, 3 min. 

Like RaA. Volatile at 400-600°C. Precipitated 
by BaS0 4 . Half-decay period, 26.8 min. 

Physically like RaA. Volatile at 800-1 300°C. 
Chemically like RaB. Deposited on Cu and 
Ni. Perhaps mixture of two products. Half 
decay period, 30 min. Gives out a, /?, and 
y particles. 

Volatile below 1000°C. Soluble in strong acids. 
Reactions of RaD and RaEi analogous to those 
of Pb. Sometimes known as radiolead. Half- 
‘decav period, 40 years. No rays. 

Volatile at red heat. Soluble in cold acetic acid. 
Half-decay period, 5 days. 

Not volatile at red heat. Reactions similar to Bi. 
Half-decay period, 143 days. 

Volatile toward lOOO^C. Deposited from its solu- 
tions on Bi, Cu, Sb. Ag, Pt. Carried down by 
PbC0 3 , and by SnCl 2 with Hg and Te. RaD, 
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Ei, E 2 , and F can*be separated by electrolysis. 
136 days, breaks down to lead. « particles. 

Ac Produces helium. Precipitated by oxalic acid in 
acid solutions. Oxalate insoluble in HF; 
accompanies thorium and rare earths. Un- 
known period. oc particles. Same as emanium. 

Rad. Ac Slightly volatile at high temps. Insoluble in 
NH 4 OH. Separated from Ac by electrolysis, 
by fractional precipitation, by ammonia, and 
by animal charcoal. H»lf-decay period, 19.5 
days, a . Discovered by Hahn. 

AcX Deposited by electrolysis in alkaline solution. 

Not precipitated by NH 4 OH. 10.5 days, 
a-rays. 

AcEm Behaves as inert gas. Coef. of diffusion in air 
0.11. Condenses at — 120°C. Half-decay, 
3.9 sec. 

AcA Volatile below 400°C. Soluble in NH 4 OH and 
strong acids. Half-decay, 36 min. Ray less. 

AcB Volatile below 700°C. Soluble in NH 4 OH and 
strong acids. Deposited! by electrolysis of 
active deposits on cathode in HC1. Half- 
decay, 2 min. a, (3, y particles. 

Th Volatile in electric arc. Colorless salts not spon- 
taneously phosphorescent. Salts ppd. by 
NH 4 OII and oxalic acid. Atomic weight, 
232.4. Half-decay period 2.4 X 10 9 years. 
« particles. 

Rad. Th Carried down by hydrates, precipitated by NH 4 - 
OH. Separated by Hahn and much more 
active than thorium, and it may be a small 
contamination of this # element gives out the 
rays in the thorium transformation and that 
the thorium transformation is in reality rayless. 
a rays. 

ThX Soluble in NH 4 OH. Carried down by iron. 

Deposited by electrolysis in alkalis. 4 days. 
a particles. * '* 

ThEm Inert gas. Condenses just above — 120°C. 

Half-decay period, 54.5 sec. <* particles. 

ThA Volatile under 630°C. Soluble in strong acids. 
11 hrs. 

ThB Volatile below 730°C. Like ThA. Deposited on 
Ni. Separated from ThA by electrolysis. 55 
min. o c, 0, y particles. 

ThC Like ThB. Probably two products. • 

One gram of radium gives off 0.0328 cal. per ^ec., and produces 

17 X 10” 9 cc. of helium (0°, 76 cm. pressure) *per gn{m per sjc. 

One gram of radium expels 1.36 X 10 11 a particles per minute. 
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Growth and Decay of Radium Emanation 


(T » time X ■= fraction of emanation remaining after time, T. Y *= 
fraction of equilibrium amount formed in time T.) 


T 

X 

Y 

T 

X 

Y 

0 

1.0000 

0.0000 

5 days 

0.4066 

0.593 

1 hr. 

0.9925 

0.0075 

6 days 

0.3396 

0.660 

2 hr. 

0.9851 - 

0.0149 

7 days 

0.2837 

0.716 

3 hr. 

0.9777 

0 0223 

8 days 

0.2369 

0.763 

4 hr. 

0 9704 

0.0290 

9 days 

0.1979 

0.802 

5 hr. 

0.9632 

0.0368 

10 days 

0 1653 

0 834 

6 hr. 

0 9500 

0 0440 

11 days 

0.1381 

0.861 

7 hr. 

0 9489 

0 0511 

12 days 

0.1153 

0 884 

8 hr. 

0 9418 

0.0582 

13 days 

0 0903 

0 903 

9 hr. 

0 9347 

0 0653 

14 days 

0.0805 

0 919 

10 hr. 

0.9277 

0.0723 

15 days 

0.0672 

0 932 

11 hr. 

0.9208 

0 . 0792 

10 days 

0 0561 

0 943 

12 hr. 

0 9139 

0.0861 

17 days 

0 0469 

0 953 

13 hr. 

0 9071 

0 0929 

18 days 

0 0392 

0 960 

14 hr. 

0.9003' 

0 0997 

19 days 

0 0327 

0.967 

15 hr. 

0.8936 

0.1064 

20 days 

0 0273 

0 972 

16 hr. 

0.8869 

0 1131 

21 days 

0.0228 

0 977 

17 hr. 

0.8803 

0.1197 

22 days 

0.0J91 

0.980 

18 hr. 

0.8737 

0 . 1263 

23 days 

0 0159 

0.984 

19 hr. 

0.8672 

0.1328 

24 days 

0 0133 

0 986 

20 hr. 

0.8607 

0 1393 

25 days 

0.0111 

0 988 

21 hr. 

0.8543 

0.1457 

26 days 

0 0093 

0.990 

22 hr. 

0 8479 

0 . 1521 

27 da> s 

0 0078 

0 992 

23 hr. 

0 8416 

0 1584 

28 days 

0.0065 

0.993 

1 day 

0.8353 

0 1647 

29 days 

0.0054 

0 994 

2 days 

0.6977 

t 3023 

30 days 

0.0045 

0 995 

3 days 

0 . 5827 

0.4173 

40 days 

0 0007 

0 999 

4 days 

0.4868 

0.5132 

50 days 

0.0001 

0 999 


Example — If the emanation Formed by the standards, or by any sample, is 
transferred toVhe electroscope 3 days and 20 hr after scaling, the fraction of 
the equilibrium amount of emanation formed will be: 

Value of X for time T (3 days) = 0 5827. 

Value of X for time T (20 hr.) = 0 8007. 

Therefore, X = 0.5827 X 0.8607 = 0.5015. 


Heats of Formation 

Heats of formation are expressed in calories, i.e. y the amount 
of heat necessary to raise 1 gram of water from 10°C. to 11°C. 
When it is said that the heat of formation of any compound is a 
certain number qf units, it is meant that this number of calories- 
is c developjed in tne production of a mass in grams of the sub- 
stance equal to its molecular weight, i.e., when we say that * 

C+0 2 = C0 2 97,200 cal. 
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we mean that 12 grams of carbon find 32 of oxygen develop 
97,200 cal. 

The heat of formation and the heat of decomposition of any 
substance are the same; i.e in order to effect the decomposition 
of a substance an amount of heat must be supplied equal to 
the amount evolved in the formation. 

The heat of combination of the elements, like many others 
of their properties, follows the periodic law, the relation being 
thus stated by W. G. Mixter (Am. Journ. Sci. y June, 1914): 
The heat equivalents of the elements of a subgroup in the series 
III to VIII are either linear functions of the atomic weights, or 
the heat of formation of the 3>xide of the middle member falls 
below the linear value by a constant amount for each atom of 
oxygen combined. 


Heat of Formation of Silicates 


Starting from 

Gram- 
cal. per 
molecule 

Gram- 
cal. per 
gram of 
silicate 
formed 


Gram- 
cal. per 
molecule 

Gram- 
cal. per 
gram of 
silicate 
formed 


10,600 

80 

Fe, Si, Os 

254,600 

1,929 

MnO.SiOa . . 

5,400 

41 

Mn, Si, Ob 

276)300 

2,109 

BaO, Si() 2 

14,700 

69 

Ba, Si, Ob 

328,100 

1,540 

CaO) SiO« 

17,850 

154 

Ca, Si, Ob 

329,350 

2,839 

2CaO, SiOi ... . 

28,300 

1G5 

Ca 2l Si, O 4 .. . - 

471)300 

2,740 

3CaO, SiOj 

28,550 

125 

Ca 3 . Si, 0 6 . . . 

603,050 

2,645 

SrO. Si0 2 

17,900 

110 

Sr, Si, Ob 

329,100 

2,019 

AhOs, 2Si0 2 . . . 

14.900 

67 

AI 2 , S 12 , O 7 . 

767,500 

3,457 

3CaO t Al 2 Oj,2Si()2 

33,500 

86 

Ca3, Al 2 , Si 2 , O 10 .. 

1,195,550 

3,065 

3H 2 0,A1 2 0b,2Si0 2 

43,800 


Ha, Ah, Si 2 , 0> . . 

927,420 

3,595 

Li 2 0, Si0 2 

05,100 

720 

L 12 , Si 2 , Os.. . 

347,100 

3,856 

Na 2 0, Si0 2 .... 

45,200 

370 

Na 2 , Si, .... 

326,100 

2,6 T 3 

CaO, AhOa . . . 

'450 

3 

Ca, Al 2 , O 4 .... 

524,550 

3,220 

2CaO, A1 2 0 .i . . . 

3,300 

15 

Ca 2 , Ah, Ob . . . 

658,900 

3,079 

3CaO, A1 2 Oj .... 

2,950 

11 

Caa, Al 2 , Oq 

789,050 

2,922 

Si0 2 35.5, FeO, 







39.7, MnO, 1.0, 







CaO 11.4, MgO 



133 




2 7, Al 2 Oa 9.2, 




■* 

* 


Cu 0.42, S 0.42 







per cent. 







2FcO, SiOi.. 

22,236 

109 

Fea, Si, O 4 

333,636 

1,637 

FeO 70.80, Si0 2 






29.20 per cent. 






FeO 57.58, CaO 





m 

12.00, Si0 2 30.42 





■ 

per dent. 


140 



PH 

FeO 40.30, CaO 



■ 

m 

28.00, SiOa 31.70 




9 1 


per eent . , r 


193 







JH 
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Heat of Formation of Oxides 


Formula 

I Molecular 

I weights 

Molecular 
heat of formation 

In dilute 
solution 

Mg, O 

24 + 16=40 

143,400 

148,800 

Ba,0 

137 + 16 = 153 

133,400 

161,500 

Ca, O . . 

40 + 16 = 56 

131,500 

149,600 

Sr, O 

88+16 = 104 

131,200 

158,400 

Ah, Os. . 

54 +48 = 102 

392,600 

Ti, Oa . . 

48 + 32 = 80 

218,500 


Nat, O 

46 + 16 = 62 

100,900 

155,900 

Ka, 0.. 

78 + 16=94 

98,200 

165,200 

Th, Oa. 

232+32 = 264 

326,000 

8i, Oa . . 

28 + 32=60 

■ 180,000 

180,000 

Mn, O 

55 + 16 = 71 , 

90,900 

Ba, Os . 

22 + 48 = 70 

272,600 

279,900 

Zn, O. 

65 + 16 = 81 

84,800' 

82,680 

Mn,. 0 4 

165 + 64 =229 

328,000 

Pa, 06 . 

62-1-80 = 142 

365,300 

405,000 

Sn, O 

118 + 16 = 134 

70,700 

Sn, Oa 

118+32 = 150 

141,300 


CO, O 

28 + 16 =44 
f 2 + 16 = 18 

68,040 

70,400 solid 

73,940 

Ha, O 

\ 2 + 16 = 18 

( 2 + 16=18 

69,000 liquid 
58,060 gas 


HaOa 

2+32 = 34 


45,000 

Fes. 04 

168 + 64=232 

270,800 


Cd, O 

• 112 + 16 = 128 

66,300 


Fe, O 1 

56 + 16 = 72 

65,700 


Fes, Os 

112 + 48 = 160 

195,600 


Co, O. 

59 + 16=75 

64,100 


Mn, O 2 

55 + 32=87 

125,300 


Ni, O. 

58 5 + 16 = 74.5 

61,500 


Sba, Os 

240 + 48 = 288 

166,900 


Asa, Os 

150 + 48 = 198 

156,400 

50,800 

148,900 

Pb, O . 

207 + 16=223 


C f Oa 

12+32 = 44 

97,200 gas 

103,100 

Bis, Oa 

418+48 = 466 

136,000 

171,000 

Sba, Oa 

240+80 = 320 

231,200 

Asa, Oa 

150 + 80 = 230 

219,400 

225,400 

Cua, O . 

127.2+16 = 143 2 

43,800 

Tla, O 

408 + 16 = 424 

42,800 

39,700 

Cu, O. . 

0.1s 6 + 16 = 79.6 

37,700 

Ba, Oa. 

137 + 32 = 169 

145,500 


S, Oa 

32+32 = 04 

69,260 gas 

77,600 

Pb, Oa 

207+32 = 239 

63, *00 

S, Os. 

32 + 48 = 80 

91,900 

141,000 

Tla, Os. 

408 + 48=456 

87,600 

C, O. 1 

12-+ 16=28 

29,160 gas 


Hga, O • j 

400 + 16 =4J 6 

22,200 


Hg, O.. 

200 + 16=216 

21,500 


Te, Oa . 

125.5 + 32 = 157 5 

78,300 

Pd, O... 

106 + 16 = 122 

21,000 

Ft, O . 

195 + 16 = 211 

17,000 


Ag2, 0 : 

216 + 16 = 232 

7,000 


Au2, Os 

394 +48 = 442 

-11,500 


Na, O . | 

28 + 16 =44 

- 19,000 


N, O.... , I 

14 + 16=30 

-21,600 


Na, Os.. 

28 f-48 = 76 

-21,400 


N, Oa (at 22°) . | 

14 + 32=46 

- 1,700 


N, Oa (at* 150°) 1 

14+32 = 46 

-7,450 


NaOa 

28 + 70 = 98 

1,190 

3,600 

CS 2 O.. . 

206 + 16 = 282 

100,000 

LiaO . 

14 + 16 = 30 

140,000 


JtbaO * 4 « 

*W, Os » 

171+16 = 187 

94,900 


184+48 = 232 

192,000 


V 2 , Oa 

102 + 80 = 182 

441,000 

* 


1 42,740 at 1125°C. 
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Heat of Formation of Oxides ( Continued ) 


Formula 

1 Molecular 

1 weights 

Molecular 
heat of formation 

In dilute 
solution 

Va, Os 

102+48 = 150 

353,200 


V, O 

51 + 16 = 07 

104,300 


Mo, Oa. . 

96 + 32 = 128 

132,000 


Cra. Oa. 

104 + 48=152 

266,000 

287,000 

Zr, Oi... .. 

91 + 32 = 123 

177,500 


Cl, Oa.. 

140 + 32 = 172 

232,100 


Ta, Oa . 

181.5 + 32 = 213.5 

301 , 500 



Heats of Formation of Mixtures of Sr0 2 , CaO, and An- 
hydrous Kaolin 


The kaolin used in these experiments was: Si0 2 , 53.58 per 
cent., AI 2 O 3 , 43.40, Fe 2 O a , 1.25. The difference between the 
siim of the Ai 2 Q 3 and CaO and 100% is the Si0 2 . 


APO* per cent. 






CaO per cent. 

2 

j 10 

20 

30 

10 



+ 10 2 

+ 1.7 

20 


+ 42 8 

+ 47 0 

+49.9 

30 

’+ 76.1 

+ 60.7 

+.82 3 

+73.0 

40 

+ 103.2 

+ 100.0 

+ 106.5 

N 

50 

+ 150.6 

+ 135.8 

+ 137.8 


60 

+ 154.0 

+ 180.4 




1 Revue de Metallurgie, 1913, p. 673. 


Heat of Formation of Hydroxides 


Formula 

| Molecular weights 

I Molecular heat 

1 of formation 

In dilute 
solution 

Li, O, H . . 

7 + 16 + 1 ==24 

112,300 

118,110 

Mg, Oa, Ha. 

24 +/12 + 2 = 58 

217,800 

Sr, Oa, 11 a 

88 + 32+2 = 122 

1 * 217,300 

227,400 

Ca, Oa, Ha 

40 + 32+2=74 

237,000 

239,000 

K, O, fa . 

39+16 + 1 =56 

104,600 

117,100 

Na, O, H 

N, H*. O, H 

23 + 16 + 1 =40 

102,700 

112,500 

14 + 16+5=35 

88,800 

90,000 

A], Oa, Ha. 

27+48 + 3 = 78 

301,300 
f 70,400 solid 

11, O. H . . . . . 

1 + 16+4 = 18 

J 69.000hqu.il 
( 58,060 gas 


Tl, O, II 

204 + 16 + 1 = 221 

57,400 

54,300 

Ih, Oa, H 3 

209 +48 + 3 = 200 

171,700 

Zn, Oa, Ha.. 

65 + 32 + 2 = 99 

159,000 


Te, Oa, Ha . 

127+32 + 2 = 161 

78,300 


Te, Oa, Ha 

127 + 48 + 3 = 178 

99,500 


Sc, Oa, Ha. 

79+48 + 2 = 129 

141,000 

124,000 

Se, 04, Ha. 

Tl, Oa, Ha. 

79+64+2 = 141 

130,000 

200,000 

204 + 48+3=255 

43,800 

Ba, Oa, Ha 

137 + 32+2 = 171 

228,000 


Cd, Oa, Ha 

112 + 32 + 2 = 146 

133,500 « 

» 

Cs, O, li 

133 + 16 + 1=150 

101,300 


Bb, O, H 

85 5 + 16 + 1=102.5 

102,000 


Fe, Oa, Ha . . 

56+48 + 3 = 107 

197,000 


Ni, Oa, Ha. . 

1 59 + 32 + 2 = 103 

130,000 

. 

Ni, Oa, Ha 

! 59 + 48+3 = 110 

197,000 


S, Oa, Ha. 

«, Oa, Ha 

32 + 64+2=98 

190,000 

269,000 

32 + 48 + 2 = 82 

145,000 | 
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Heat of Formation of Metallic Hydrides * 


Formula 

Molecular weights 

Molecular heat 
of formation 

In dilute 
solution 

Sr, Ha 

87+ 2 = 89 

38,400 


Ba, Ha 

137+ 2 = 139 

37,500 


Ptio, H 

1950+ 1 =1951 

14,200 


Pdn, H 

1590+ 1 =1591 

4,600 


Si, H< 

28+ 4=32 

1,194 


N, Ha 

. 3 + 14 = 17 

10,975 gas 

19,450 

Li, H 

C 7+ 1=8 

22,500 


N, Ha 

3 + 14 = 17 

15,850 liquid 

19,450 

Ca, Ha 

40+ 2 = 42 - 

45,900 



Heat of Formation of Cyanides 


Formula 

Molecular weights 

Molecular heat 
of formation 

In dilute 
solution 

Ca, Ca, N 2 

40+ 24+ 28= 92 


41,650 

K, C,N 

39+ 12+ 14= 65 

33,450 

30,250 

Na, C, N 

s 23+12+14= 49 

25,950 

25,450 

K, Ag, Ca, Na 

39 + 108+ 24+ 28 = 199 

13,700 

5,350 

Fe7, ClS, Nl8 

392 + 216 + 252 = 860 

-256,700 


Zn, C 2 , N 2 

65+ 24+ 28 = 117 

- 24,550 


Cd, Ca, Na 

112+ 24+ 28 = 164 

- 31,850 


Cu, C, N 

63 6+ 12+ 14=89 6 

- 20,375 


Pd, Ca, Na 

106+ 24+ 28 = 158 

- 49,250 


II, C, N 

1+ 12+ 14= 27 

— 27,150 (gas) 

-21,050 

Hg, C 2 , Na 

200+ 24+ 28 = 252 

- 59,150 


(Au, Ca, Na)-- 

197+ 24+ 28 = 249 

- 53,900 



Heat of Formation of Cyanates 


Formula 

• 

^Molecular weights 

Molecular heat 
of formation 

In dilute 
solution 

K, C, N, O 

39 4*12+14 + 1 6= 81 
23 + 12 + 144 10= 65 
108 f 12 + 14 + 16 = 150 

100,100 

97,500 

23,700 

95,000 

92,400 

Na, C, N, () 

Ag, C, N, O 



Heat of Formation of Tellurides 


Formula 

Molecular weights 

Molecular heat 
of formation 

In dilute 
solution 


05 + 126 = 191 
112 + 126 = 238 

59 + 126= 185 

56 + 126 = 182 

58 5 + 126=184.5 
408 + 126 = 534 
127.2 + 126 = 253.2 
207 + 126 = 333 

2 + 126=128 

31.000 

16,600 

13.000 

12.000 

11,600 

10,600 

8,200 

6,200 

-34,900 (gas) 


Cd, Te - 

Co, Te . 


Fe, Te 

Ni, Te . 

Tla, Te 9 « 

«ua, Te. . J . . . . 
Pb, Te. . . . 


Hi, Te 
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Heat of Formation (Jf Selenides 


Formula 

Molecular weights 

l 

Molecular heat 
of formation 

In dilute 
solution 

Lis, Se. . 

14 + 79 = 93 

83,000 

93,700 

Ks, So. . 

78 + 79 = 157 

79,600 

87,900 

Ba, Se. 

137 + 79 = 216 

88,400 


Sr, Se. . . 

88 + 79 = 167 

90,400 

102,200 

Ca, Se. . 

40 + 79 = 119 

88,500 


Na 2 , Se. . 

46 + 79 = 125 

661500 

88,400 

Zn, Se. . 

65 + 79 = 144 

30,300 


Cd, Se. 

112 +79.= 191 

23,700 


Mn, Se. 

55 + 7<f=134 

22,400 


N, H*, Se . 

14 + 5 + 79=98 

17,800 

12,800 

Cu, Se. . . . 

63 6 + 79 = 142.6 

17,300 


Pb, Se . 

2C7 + 79 = 286 

17,000 


Fe, Se. . 

56 + 79 = 135 

15,200 


Ni, Se. . . . 

58 5 + 79 = 131k 5 

14,700 


Co, So. 

59+79 = 138 

13,900 


Th, Se. . . . 

408 + 79 = 487 

13,400 


CU 2 , Se 

127.2 + 79 = 206.2 

8,000 


Hg, Se. . 

200 + 79 = 279 

6,300 


Ag2, Se 

216 + 79 = 295 

2,000 


H 2 , Se. . . 

2 + 79=81 

-15,800 (gas) 

- 13,400 

N, Se. . 

14 + 79 = 93 

— 4 2 #00 



Heat of Formation of Sulphates 


Formula 

Molecular weights 

Molecular heat 
of formation 

In dilute 
solution 

Ka, S, O 4 . . . 

78 + 32+ 64=174 

344,300 

337,700 

Ba, S, O*. . 

137+32+ 64=233 

315,000 

341,000 

1.12,8,04... - 

14 + 32+ 64*= 1 10 

333.500 

339,600 

Sr, S, O* 

88 + 32+ 04 = 184 

31lf000 

341,000 

Ntta, S, O* 

46 + 32+ 64 = 142 

328,100 

328,500 

Ca, S, 04 . 

40+32+ 64 = 136 

317,400 

321,800 

Mg, S, CU. 

24+32+ 64 = 120 

300,900 

321,100 

AL, Sa, U 12 . 

54+90 + 192 = 342 


879,700 

Na, H«, S, 04 . 

28 + 8 + 32+ 61 = 132 

283,500 

281,100 

Mn, S, O 4 . 

55 + 32+ 64 = 151 

219,400 

JJ63.200 

Zn, S, O 4 

05 + 32+ 64 =161 

229,600 

^48,000 

Fe, 8, 04. 

56 + 32 f- 64 = 152 

227,000 

234,9001 

Co, S. 04. 

59 + 32+ 64 = 155 

225,000 

228,900 

Ni, S, 04 

1 58 5 + 32 + 64 = 151 5 

228,000 

228,700 

Pe2, Sj, Ol2 

112+90 + 192 = 400 


640,000 

Tla, S, C>4 

408+32+ 64 = 504 

221,800 

213,500 

Cd, S, Oi... 

112+32+ 64 = 208 

219,900 

231,600 

Pb, S, 04 

207 + 32+ 64=303 

215,700 


11b, S, 04 

2+32+ 64= 98 

192,200 

210,200 

Cu, S, 04 . 

63 6+32 + 64 = 159 6 

181,700 

197,500 

Hg2, S, O 4 

400 + 32+ 64=496 

175,000 


Ag 2 , S, O 4 . 

216 + 32+ 64 = 312 

167,100 

162,600 

Hg, S, 04 .... 

200+32+ 64 = 296 

165,100 


Co, S, 0«-7H 2 0 

59 + 32+64 + 126 = 281 

234,000 


N 2 , Hr, S lf 04... 

28+ 8 + 32+ 64 = 132 

283,500 * 

281,«L00 

HU, S, 0 4 ... . 

171+32+ 64 = 267 

344,700 

4 

Cb 2 . S, 04 

266 + 32+ 64=362 

349,700 



240,000 for FeSO«-7HaO. 
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Heat of Formation of Sulphides 4 


Formula 

Molecular weights 

Molecular heat 
of formation 

In dilute 
solution 

Lii, S. 

14-1-32=40 


115,400 

K 2 , s. 

78 + 32-110 

103,500 

113,500 

Ba, S 

137 + 32 = 109 

102,900 

109,800 

Sr, S 

88 + 32 = 120 

99,300 

106,700 

Ca, S 

40 + 32 = 72 

94,300 

100,600 

Na*, S 

# 40+32 = 78 

89,300 

104,300 

Mg, S 

24 f 32 = 50 

79,400 

K, &* 

39 1-64 = 103 

59,300 

59,700 

Na, Si 

23 + 04=87 

49,500 

54,400 

Mn, S 

55 + 32 = 87 

45,600 

Zn, S 

65 + 32 = 97 

43,000 


Al 2f S:» 

54 +96 = 150 

126,400 


N, H&, S 

14+5+32 = 51 

40,000 

36,700 

Cd, S. 

112+3*= Ml 

34,400 

B*, Ss 

22 + 96 = 118 

75,800 


Fe, S 

56 + 32 = 88 

24,000 


Co, S 

59 + 32=91 

21,900 


Tl 2 . s 

204 +32 = 236 

21,600 


Cu 2 , S 

127 2+32 = 159 2 

20,300 


Pb, S . 

207 + 32 = 239 

20,200 


Si, S 2 

• 28 + 64=92 

40,000 


Ni, S 

58 5 + 32 = 90 5 

19,500 


Sb 2 , S» 

240 + 96 = 336 

34,400 


Hg. S. 

200 4 32 = 232 

10,600 


Cu, S 

63 64 32=95 6 

10,100 


h 2 , s. 

2 + 32 = 34 

4,800 gas 1 

9,500 

Ag 2 , S 

216 + 32 = 248 

3,000 


C, S*. 

12 + 64 =76 

/ -25,720 gas 

1 -19,610 liquid 


IS . 

127 + 32 = 159 

9,000 



1 Molecular heat of combustion of II 2 S 122,500 eal , and heat of com- 
bustion of 1 cu m^ter H 2 S = 5,513 cal. 


Heat of Formation of Bi-sulphates 


Formula 

Molecular 

Molecular heat 

In dilute 

weights 

of formation 

solution 

K, H, S, O4 

39 + 1+32 + 64 = 136 

270,100 

272,900 

Na, H, 8, O. . . 

23 + 1+32 + 64 = 120 
14 + 5 + 32 + 64 = 115 

269,100 

268,300 

N, H», S, 0« 

244,000 

245,100 

210,200 

H, F, S, O 4 . 

1 + 1+32 + 64= 98 

192,200 


• Heat of Formation of Sulphites 


Formula 

* t • 

Molecular 

Molecular heat 

In dilute 

weights 

of formation 

solution 

• 

S, Os, K # 

32 + 48 + 78-158 


272,600 

S, Os, Na* . 

32+48+46-126 


261,000 
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Heat of Formation of Nitrates 


Formula 

Molecular weights 

Molecular heat 
of formation 

In dilute 
solution 

K, N, Os 

39 + 14+ 48-101 

119,000 

110,700 

Na, N, Oi 

23 + 14+ 48- 85 

65 + 28+ 96-187 
207 + 28+ 96-331 

110,700 

106,000 

131,700 

98,200 

Fb, Ns, Oo 

105,400 

Cu, Ns, O* 

63.5 + 28+ 96-187.5 

81,300 

II, N, Ot 

Ag, N, O* 

Ca, Ns, O* 1 

1+14+ 48- 63 

34,400 gas 

48,800 

108+14+ 48-170 

40 + 28+ 96-164 

59 + 28 + 96 + 108-283 

7 + 14+ 48- 69 
14+ 4 + 14+ 48- 80 

28,700 

202,00ft 

112,666 

88,600 

23,000 

Co. Ns.Oe eH-O 1 . . 
LiNOs 1 

119,000 

N, H4, N, Os* 

82,400 


Heat of Formation of Nitrides 


Formula 

Molecular weights 

Molecular heat 
of formation 

In dilute 
solution 

Cs, N 2 

Ha. N. . . 

Raj, N 2 

Fi.1, N 

K, 1I 3 , N . . 

Caj. Nj. . 

Mgs, N 2 . . . . 

! 24+28 = 52 

3 + 14 = 17 

411 +28 = 439 
21+14 = 35 
39+3 + 14=56 

120 + 28 = 148 

72 + 28 = 100 

» 

— 73,900 gas 
f 10,975 gas 

\ 15,850 liquid 

149,400 

49, .>00 

30,700 

111,200 

118,500 

-68,300 

19,450 

19,450 

Heat of Formation of, Ferro and Ferricyanides 

Formula 

Molecular weights 

Molecular hoat- 
of formation 

In dilute 
solution 

Ks, Fc, Of, N« 

IU, Fe, Cr>, Nfi. 
ha, Fe, Ca, Na. . . 

Ha, Fe, Ca, Ne. 

1 56 + 56 + 72 + 84 = 368 

4 + 56 + 72 + 84 ■-* 2 1 6 
117 + 56 + 72 + 84 = 329 

3 + 56 + 72 + 84=215 

131,900 
- 102,000 
48,900 

119,200 

-101,500 

34,500 

-127,400 


Heat of Formation of Phosphides 


Formula 

Molecular weights 

Molerular heat 
of formation 

In*dilute 

solution 

iW’ 

165 + 62 = 227 

70,900 # 

• 

. 4, 

3+31-34 

4,900 


fe, P 

56+39-95 

nearly 0 
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Phosphates a**d Miscellaneous Acids 


Formula 

Molecular weights 

Molecular heat 
of formation 

In dilute 
solution 

Ca», Pa Os. . . . 
Mgs, Pit Oh. . . 
Na»,P, 

Ha, P, 04 

H, Br, Oa... . 

120+ 62 + 128 = 310 

72+ 62 + 128 = 262 

69+ 31+ 64 = 164 

3f 31+ 64 = 98 
1+ 80+ 48 = 129 

919,200 

910,600 

452,400 

302,000 

12,500 

H, Cl, Os.... 

1+35 5+ 48= 84 5 


22,000 

H, Cl, 04.. 

1-HM5 5+ 64 = 100.5 


39,100 

H, I, Os... 

Ha, P, Os... 

1+ 127+ 48 = 176 


57,700 

3+ 31+ 48= 82 , 


228,800 


Heat of Formation of Chlorides 


Formula 

Molecular 

weights 

Molecular heat 
of formation 

In dilute 
solution 

K, Cl 

39+ 35.5= 74.5 

105,700 

101,200 

Ba, Cl*. . 

137+ 71 =208 

197,100 

198,300 

Be. Cl 2 .. . 

9+71 =80 

155,000 

199,500 

Na, Cl 

*23+ 35 5= 58 5 

97,900 

96,600 

Li, Cl 

7+ 35.5= 42.5 

93,900 

102,300 

Sr, Cla 

88+ 71 =159 

184,700 

195,850 

Ca, CI 2 

40+ 71 =111 

169,900 

187,400 

N, Ha, Cl. 

14+4+ 35.5= 53 5 

76,800 

72,800 

Mg, Cl 2 

24+71 = 95 

151,200 

187,100 

8, 6u... 

28 + 142 =170 

128,800 gas 


Al, Cls. 

27 + 106 5 = 133 5 

161,800 

238,100 

Mn, Cb. 

55+ 71 =126 

112,600 

128,000 

Zn, CI 2 . . . . 

65+ 71 =136 

97,400 

113,000 

Tl, Cl . . . . 

204+ 35.5 = 239 5 

48,600 

38,400 

Cd, Cb... 

112+ 71 =183 

93,700 

96,400 

Pb, Ch.. 

207+ 71 =278 

85,500 

77,900 

Fe, Cl 2 . 

56 +71 =1 27 

82,200 

100,100 

Sn, Cli 

118+ 71 =189 ■ 

80,900 


Co, Cl 2 

59+ 71 =130 

76,700 

95,000 

Ni, Cla . . 

58 5+ 71 =129 5 

74,700 

93,900 

Cu, Cl 

63 5+ 35 5= 99 

35,400 


Sn, Ch . 

118+142 =200 

129,800 liquid 


Fe, Ch. . 

56 + 106 5 = 162 5 

96,150 

127,850 

Hg, Cl 

200+ 35 5 = 235 5 

31,320 


Sb, Cls . . * 

120 + 106 5=226 5 

91,400 


Bi, Cls . . 

209 + 106 5 = 3*i 5 5 

90,800 


B, Cls 

11 + 106 5 = 117 5 

89,100 gas 

93,400 

Ag, Cl 

108+ 35.5 = 143 5 

29,900 


Hg, Cb.. 

200 f 71 =271 

53,300 

50,300 

Cu, Cl 2 

63 6+ 71 =134.6 

51,400 

62,500 

As, CI 3 

75 + 106 5 = 181 5 

71,500 


H, Cl . 

1+ 35 5= 36 5 

22,000 

39,400 

Sb, Cl# . 

120 + 177 5 = 297 5 

104,500 liquid 


Pd, Cb. 

106+ 71 =177 

40,500 


Pt, Ch.. 

195 + 112 =337 

60,200 

79,800 

Au, Cls . . . 

197 + 106 5 = 303.5 

22,800 

27,200 

Au, Cl. * 

197+ 35 5 = 232.5 

5,800 


P, Cls. . 

31+106 5 = 137 5 

69,700 


Rb, Cl . . 

85.5+ 35 4 = 120 9 

105,900 


Cs, Cl a . . . 4 

133+ 35.4 = 168.4 

109,900 


lSi,Cl4« .. . 

28 + 141.7 = 169 7 

121,800 gas 


Th, Cb * 

232 + 141.7=373.7 

300,200 


V, Cls 

51+106 5 = 157 5 

373,800 
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Heat of Formation 8f Bromides 


Formula 

Molecular 

Molecular heat of 

In dilute 

weights 

formation 

solution 



Liquid bromine 


Na, Br. . . 

23+ 80 = 103 

79,450 


K, Br. 

46+ 80 = 120 

99,050 


Al, Br3 

27 + 240 = 267 

120,600 

207,500 

Zn, Br2 . 

65 + 160 = 225 

78,200 

93,200 

Cd, Bra 

112 + 160 = 272 

76,200 * 

69,000 

77,200 

Pb, Bra . . 

207 + 160 = 367 

59,000 

Sn, Bra . . 

118 + 160 = 278 

63,000 


Cu, Br 2 

63+ 80 = 143 

26,000 


Sn, Bn. . 

118 + 320 = 438 

/ 101,400 (solid) 

\ 98,400 (liquid) 

118,000 

Hg, Br. . 

200+ 80 = 280 

24,500 


Ag, Br (cryst ) . . . 

108+ 80 = 188 

23,700 


Sb, Bra.... 

120 + 240 = 360 

64,900 


Cu, Bra. 

63 + 160 = 223 

34,800 

53,000 

Ft, Bn . . 

195 + 320 = 515 

42,400 

52,200 

Au, Brs 

197 + 240 = 437 

13,400 

8,400 

Au, Bra 

197 + 160 = 357 

1,000 

H, Br 

1+ 80 = 81 

8,400 

28,600 


T 


Heat of Formation of Fluorides 


Formula 

Molecular weights 

Molecular heat 
of formation 

In dilute 
solution 

Sr, Fa . 

88+38 = 126 

289,000 


Ba, Fa. 

137 + 38 = 175 

224,000 

221,500 

Li, F 

7 + 19=36 

'll(f,000 

116,880 

k, F . 

39+19=58 

113,600 

Ca, Fa 

Mg, Fa 

40 + 38=78 

216,450 

24 + 38 = 62 

209,500 


Na, F 

N, H4, F. . . 

23 + 19 = 42 

109,720 

109,120 

14+4 + 19=37 

101,250 

99,750 

Al, Fa 

27 + 57=84 


275,220 

H, Fa 

11+57=68 


,.219,345 

Mu, Fa 

55 + 38 = 93 * 


153,310 

Zn, Fa . . 

05 + 38 = 103 


138,220 

Si, F* 

28 + 76 = 104 

275,920 gas 

Fe, Fa 

Cd, Fa . 

56 + 38=94 

125,220 

112 + 38 = 150 


121,720 

Co, Fa 

59+38=97 


120,340 

Ni, Fa 

58.5 + 38=96.5 


118,980 

Fe, F 3 ... 

56 + 57 = 113 


164,940 

Tl, F 

204 + 19 = 223 


54,405 

1‘b, Fa 

207 + 38=245 

101,600 

H, F . . . 

1+19 = 20 

38,500 gaB 

•50, 300 1 
136,680 

Sb, Fa ... 

120 + 57 = 177 

Cu, Fa 

63 6 + 38 = 101.6 


88,100 

Ag, F 

108 + 19=127 

22,070 

i— 

25,470 

• 

4 - 


1 Other authorities, 73,500. 
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Heat op Formation op Iodides 




Formula 

Molcculaf 

weights 

Molecular heat of 
formation 

In dilute 
solution 

Zn, I* 

65 + 254 = 319 

49,200 

60,600 

Cd t la. 

112 + 254=366 

45,000 

44,000 

Pb, la. . 

207+254 = 461 

42,000 


Cu, Is. 

63.5 + 254 = 317.5 

16,500 


Hg, Is. 

„ 200 + 254 =454 

14,200 


Ag, I (cryst ) 

*108 + 127 = 235 

14,300 


Hg. Is (red). 

200 + 254 = 454 

24,300 


Sb, Is . . 

120 + 381=501 . 

29,200 


Au, I.. 

197 + 127 = 324 

-55,000 


H, I. 

1+127 = 128 

- 6,400 

13,200 

K, I . . 

46 + 127= 173 

87,500 


Na, I. 

23 + 127 = 150 

76,500 



Arsenides, Antimonides, Borates 


Formula 

I^olccular weights 

Molecular heat 
of formation 

In dilute 
solution 

Hi, As . ... 

3+ 75 = 78 

— 44,200 gas 

-36,700 

Hi, Sb. 

3 + 120=123 

— 86,800 gas 


Nas, Bs, O 7 . 

46 + 44 + 112 = 202 

748,100 

758,300 


Heat of Formation of Silioides 


F brm ula 

Molecular weights 

• 

Molecular heat 
, of formation 

In dilute 
solution 

Mm, Si 2 

285 + 56 = 441 

47,400 


H4, Si . 

4 + 28 = 32 

1,194 gas 



Heat of Formation of Carbides 


Formula 

Molecular weights 

Molecular heat 
| of formation 

In dilute 
solution 

Al<, C* . 

108 + 36 = 144 

81,600 


Mns, C 

165 + 12 = 177 

12,450 


Fes, C * 

168 + 12 = 180 

- 4,610 


Ca, Cs 

40 + 24=64 

14,600 


Li, C . 

Ns, Ca 

7 + 12 = 19 

6,850 


28 + 24 = 52 

-65,500 gas 

- 70,800 

Ag, C • , 

%In 3 , c ; 

108 + 12 = 120 

-43,575 

165 + 12 = 177 

10.400 


Zr, C. 

91+12 = 103 

34,800 


Si, c. . 

28 + 12=40 

1,435 
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Heat of Formation oh Carbonates 



Heat of Formation of Bicakbonates 


Formula 


Molecular weights 


Molecular heat 
of formation 


In dilute 
solution 


K, H. C, On . . 39 4- 1 + 12 + 48 = 1 00 233,300 228,000 

Na. II, C. Oa 23 + 1 + 12 + 48- 84 227,000 222,700 


IIeat of Formation of Aluminates 


Formula 

Molecular weights 

Molecular heat 
of formation 

In dilute 
solution 

Ca, Ah, O 4 . ... 

Caa, Ala, O*. . . 

Caa, Ala, Oe 

40 + 54 + 64 = 158 
80 + 54 + 80 = 214 
120 + 54+96 = 270 

524,550 

658,900 

789.050 

'4* 


Heat of Formation of Amalgams 


Formula 

Molecular weights 

Molecular heat 1 
of formation 

In dilute 
solution 

Hgl2, A 

. . 2,400+ 39 = 2,439 

34,600 

*25,600 

Ilg«, K 

800 + 39 = 839 

29,700 

25,600 

Hg«, Na 

1,200+ 23 = 1,223 

21,900 

19,000 

Hg*, Au 

3 + 197 = 197 + 3 


. 8,580 

Hg„ Ag 

3+108=108 + 1 


1 , 2,470 » 





Heat of Formation of Hydrocarbons 

(All Formed in State of Gas, Unless Otherwise Specified) 
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Heat of Solution 

Salt dissolved 


Calories 


CuS0 4 -5H 2 0 -2,750 

CdS0 4 ^H 2 0 2,660 

ZnS0 4 -7H 2 0 -4,260 

FeS0 4 -7H 2 0 - 400 

ZnCl 2 in water 15,630 

ZnS0 4 in water. ... 18,500 


Dehydration of Metallic Sulphates 

lo . I* I 



si -So 
s.9 x . 

Product formed 

Remarks 


p tax) to 




7 . V V u 



FeSOi + 7HaO 

21 

FeS0 4 + 4HaO 

Slight apple green. 

FeSO* + 4HaO 

80 

FeS04 + HaO . . . 

White 

FeSOi + HaO 

406 

FeaOi + 2 SO. , 

Yellowish brown. 

AlnS04)»+ 16HaO. . . 

51 

AI 2 (S0 4 )3 + 13HaO. 

White. 

A1 2 (S0 4 )i + 13H 2 0 

82 

AI 2 CSO 4 I 1 -r lOHaO. 

White. 

Ala(S0 4 )> 4- lOHaO . . 

97 

Ala(S04)« + 7H 2 0. 

White. 

A1 2 (S04)« + 7H 2 0 

109 

A1 2 (S0 4 ). 4* 4HaO. 

White. 

A1 2 (SOi)« + 41120 

180 

A1 2 (S04)« + HaO. . 

White. 

AU(S0 4 )» + HjO.. .. 

316 

Al 2 (S04)a 

White. 

C 11 SO 4 + 5HaO. . . 

27 

CuS04 4- 3HaO.. 

Sky blue. 

CuS04 + 3H 2 G. . 

93 

CuSO. + HaO.. . 

Pale blue. 

CuS04 + HtO . . 

155 

CuS04 

White. 

M 11 SO 4 + 5H 8 0... . 

25 

MnS04 + 2Ha0.. .. 

Pale peach 




blossom. 

MnS0 4 + 2HaO. . . 

60 

MnS0 4 + HaO . 

Paler than pre- 




ceding. 

MnSOi + HaO.. .. 

152 

;VlnS04 

Paler than pre- 



J 

ceding. 

ZnS0 4 + 7 H 2 O. . 

25 

ZnS04 -f* 6 H 2 O. 

White. 

ZnS0 4 + 6H 2 0. . 

28 

ZnSO* 4- 2 H 2 O. 

White, granular. 

ZnS0 4 + 2 II 2 O. . 

115 

Zn80« + HaO . . . . 

White. 

ZnSOi + H 2 O . 

225 

ZnSOi 

White. 

NiS0 4 + 7H 2 0. 

40 

NiS0 4 + 4HaO. . 

Green. 

NiSO. + 4HaO. 

100 

NiSO* + HaO. . 

Yellow. 

NiSO* + H 2 O . . . 

279 

N 1 SQ 4 

Oracle colored. 

CoS0 4 + 7 HjO 

19 

C 0 SO 4 + 4HaO. . 

Rose. 

C 0 SO 4 + 4 H 2 O. 

58 

C 0 SO 4 + HaO. . 

Lilac. 

C 0 SO 4 4- HaO 

276 

C 0 SO 4 

Lilac. 

CdS0 4 + ^HzO j 

30 

CdS0 4 4- 2HaO. 

White. 

CdS04 + 2HaO 

41 

CdS0 4 4- HaO 

White. 

CdS0 4 + HaO 

170 

CdSO. 

White. 

MgS04 + 7H 2 0. 

19 

MgS0 4 4- 6 H 2 O 

White. 

MgS04 + 6 H 2 O 

38 

MgS0 4 4- 2HaO. . 

White. 

MgS04 + 2 H 2 O 

112 

MgSO. 4- HaO. . . 

White. 

MgS0 4 + HaO 

203 

MgSO. 

White. 

CaS0 4 + 2H 2 0 

38 

CaSO. + HaO 

White.! 

2CaS0 4 + 2HaO 

80 

2CaS0 4 4* HaO 

White. 

2CaS0 4 4- HaO 

149 

2CaSOi 

White. 
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In roasting calcareous ores containing metallic sulphides 
the lime is converted almost quantitatively to CaSO^ 1 CaSO 4 
is reduced by CO, the reaction beginning about 680°C. and being 
complete at 900°C. 

CaS0 4 + 4C0 = CaS + 4C0 2 . 

CaS0 4 is also reduced by C, the reaction beginning at 700°C. 
and being complete at about 1000°C. At over 800°C. the 
gaseous end product is CO. 

CaS, if roasted* in air gives a product about 76 per cent. 
CaS0 4 and 24 per cent. CaO. There is a reaction 3 CaS0 4 + 
CaS = 4 CaO -f 2S0 2 that accounts for this loss of sulphur. 
This reaction will not take place in a reducing atmosphere. 

Pure CaS0 4 in the presence of oxygen loses its combined 
water at 900°C. and begins to decompose at from 1250°C. 
to 1300°C. In the presence of Si0 2 it begins to give off S0 2 
at 1000°C. and the reaction is complete at 1250° to 1300°C. 
The action is shown in the equation 

CaS0 4 + Si0 2 = CaSiOa + S0 2 + O. 

At a low temperature, CaS and FeS0 4 interact. 

Calcium sulphate roasted above 870°C. is practically insolu- 
ble; below that it is plaster of paris. 


Reduction of Chlorides by Hydrogen 


Chloride 


Product 

Reduction begins 

AgCl 


Ag 

About 526°C. 

Cu 2 Cl 2 


Cu 

About 230°C. 

PbCl* 


Pb 

About 500 °C. 

FoOl* 


Fe. 

Below 700°C. 

ZnCL 

• 

Zn 

602°C. 


Reduction of Zn O begins 

With CO , at about 627°C. 

With H 2 . . .at about 527°C. 

With C1I 4 at about 520°C. 

The reduction of ZnO, as carried on commercially, is a 
‘‘gaseous” reduction, and for its continuance depends on 
the reaction C0 2 4- C = 2CO; the reaction ZnQ + CO - 
Zn + CO 2 furnishing further CO a and the carbonaceous 
material of the charge furnishing C for the “producer reaction.” 
It seems f proved that absolutely pure C and pure ZnO could not 
react (Bodenstein, Trans. A.E.C.S., May meeting, 1927). 
The high temperatures of zinc distillation have not been 
FecessarV for The reaction ZnO -f CO = Zn + C0 2 but for 
the reaction C0 2 + C = 2CO. 


1 Hofman and Mostowitsch, Trans. A. I. M. E. t 1910, 41 , 763. 
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CO — C0 2 — C Equilibrium 

(Excess Carbon Present Acting on CO* to Produce CO) 


Temperature, 
deg. C. 

Per cent. CO at 
equilibrium 

Temperature, 
deg. C. 

Per cent. CO at 
equilibrium 

1,200 

99.94 

800 

89.70 

1,100 

99 85 

750 

77.30 

1,050 

99.61 

700 

59.90 

1,000 

99 35 

650 * 

40.60 

950 

98 59 

600 

23 95 

900 

97.78 » 

550 

11 90 

850 

93.90 

500 

5 40 



450 

2 15 


The above table is a calculated one, using the results obtained 
by Rhead and Wheeler, Boudouard, and Lewis and Ran- 
dall. It does not agree, therefore with the published results 
of any of these authors. The excess carbon must not be 
graphitic, at least not below 850°C. 

1 

Reduction of Oxides 

CO begins to reduce CuO at 130°C. 

II begins to reduce Sn0 2 at 250°C. 

II begins to reduce WO lH at 620°C. approx. 

II beings to reduce M 0 O 3 at 300°C. approx. 

Reduction of Metallic Oxides 

The reducibility of an oxide by a reducing gas depends 
on the chemical nature of the oxide being reduced; whether 
the reduction is autocatalytic; the temperature and method 
of preparation of the oxide; whether the material is being 
reduced m mass, or is supported in thin layers on a suitable 
conducting medium; whether or not there are present materials 
which increase the activity of the metallic catalyst resulting 
from the reaction. The “chemical nature” noted^above, is 
the position in the electrochemical senes (p. 371), from which 
the ease of reduction can be approximated. As an example of 
mitocatalytie reduction, when CuO is reduced by CO or H 2 , 
Ihe reduction spreads from nuclei. These may take hours 
to form, so that the rate of reduction may be too small to 
measure for several hours. Once started, the reduction rate 
rises rapidly, passes a maximum and decreases as the oxide 
becomes exhausted. The addition of copper causes the reduc- 
tion to start immediately. Nickel reduction is autocatalytic 
hut the addition of metallic nickel does not accelerate the reac- 
tion. The reduction of vanadium pentoxide ^to tetregeide is 
also autocatalytic. Ferric oxide reduction is non-auto<$italytic* 
As to the method and temperature of preparation, copper oxide 
formed by ignition of copper reduced at 175, 193, ana 198°C., 
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oxide formed by dehydrating Cu(OH )2 at various temperatures 
reduced at 87, 135, and 140°C. The higher the temperature 
of preparation of nickel oxide, the higher the temperature of 
reduction and the less the autocatalytic character of the 
reduction. Nickel oxide supported on kiesclguhr required a 
much higher temperature of reduction than when not supported. 
Certain substances act as retarders. NiO containing 10 per 
cfent. thoria requires a considerably highe;r temperature of reduc- 
tion than thoria-free oxide. Fe 3 0 4 containing 1 per cent. 
K 2 O and 3 per cent. AI2O3 reduces only about half as rapidly 
as FeaCL not containing these substances (P. H. Emmett, 
Trans. A.E.C.S . , 1927). 

Reduction Temperatures of Metallic Oxides 

Various metallic oxides were submitted to the action of 
hydrogen, carbon monoxide, ammonia and methane, at various 
temperatures for a period of 6 hours, and the investigators 
report in the Journ. Soc. Chcrn . hul., July 30, 1910, the lowest 
temperatures at which the oxides begin to lose oxygen. The 
accompanying tabulation shows the results obtained. 

Temperatures a# Wmcn Oxides of the Metals Give up 
Oxygen 


Oxide 

Carbon 
monoxide, 
deg. C. 

Hydrogen, 
deg. C. 

Ammonia, 
deg. C. 

Methane, 
deg. C. 

AmOj 

0 and below 

0 

0 

0 and below 

90 

iio * 

150 

160 

75 

140 

170 

| 00 

0 and below 

0 

80 

50 

115 

iso*" 

170 

190 

125 





HgsO 

HgO (yellow). 
HgO (red).. . . 

PbaO 

PbOs. . . . 

PbiOi 

PbO. . . 

CuO 

67 

220 

157 

202 

198 

Above 300 
299 

225 

208 

200-210 

202 

45 

158 

210 

280 

230 

CtnO 

CoO 

ZnO 


233 

152-159 

As 2 0» . . . 







Reduction Temperatures of Some Refractory Oxides 1 


Oxiue 

and 

Reduction 

tempera- 

Remarks 

carbon 

BeO 

ture 

2400 ° 

Forms carbide. 

MgO 


Oxide dissociates before reduction. 

CaO 

i.540° 

Carbide dissociates above 800°. 

AI 2 O 3 

1800° 

Forms carbide. 

B 2 O 3 

2400° 

Carbide sublimes. 

UnO 

l-K 

8 

0 

Carbide dissociates at 1550°. 

UO 2 

1600° 

Forms carbide. 

1 Zeit 

mgew.lChemie., 1915, Vol 28, p. 118. 
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( Reduction by Hydrogen 

A paper on “The Reduction of Metallic Oxides with Hydro- 
gen at High Pressures,” by E. Newberry and J. N. Pring, was 
read at a meeting of the Royal Society January, 1916. Metal- 
lic oxides have been heated to temperatures of 2500°C. in dry 
hydrogen at pressures up to 150 atmospheres, water vapour 
being removea by metallic sodium. The following oxides were 
reduced to metals: Cr 2 0 3 to Cr and Mn0 2 to Mil. The follow- 
ing oxides were reduced to lower oxides: V 2 (>6 to VO, Nb 2 06 
to NbO, U 3 0 8 to U0 2 , Ti0 2 to TiO, and Ce0 2 to Ce 2 0 3 . The 
following oxides were unchanged: A1 2 0 3 , MgO, Zr0 2 , Y 2 0 3 , 
Th0 2 . The metals obtained, chromium and manganese, are 
probably the purest samples of these metals that have been 
prepared up to the present. This supposition is supported by 
the sharp nature of their melting points, a feature which has 
not been observed with samples prepared by other methods. 


Decomposition of Carbonates 1 


ZnC0 3 = ZnO + C0 2 . . 300°C. 

MgCOs = MgO + C0 2 . ...*... 650°C. 
FeCOs = No simple product . . 800°C. 

CaC0 3 = CaO + CO* . . 812°C. 

SrCU 3 = SrO -j- CO* begins 1141°C. 

BaCO a - BaO -f CO* . begins 1361°C. 
MgCO a = MgO + CO 546°C. 


Decomposition of Sulphides 1 

Pyrite - FcS* = FcS + S .... 565°C. 

Chal copy rite * f 720°C. 


Oxidation of Metallic Oxides at High Temperatures and 
Pressures 

J. Milbaueh has experimented on the reaction® of metallic 
oxides at high temperatures and pressures ( Journ . Soc. Chem. 
Ind. f May 31, 1916). When heated in oxygen for an hour at 
480°C., and 12 atmospheric pressure, most of the normal metal- 
lic oxides remained unchanged. The following exceptions were 
noted: Potassium and barium oxides were converted into per- 
oxides, lead oxide into red lead, antimony oxide into the tetrox- 
ide, and manganese oxide into sesquioxide; the lower oxides of 
nickel and cobalt yielded traces of nickelic and cobeltic oxides. 
Silver was converted into black crusts of, apparently, a perox- 
ide, since on treatment with hydrochloric acid they yielded 
chlorine. Platinum remained unchanged. Experijjaents under 
similar conditions with metallic oxides intimately >mixed $ith 

1 See pp. 695 and 696 for additional data. 



362 METALLURGISTS AND CHEMISTS' HANDBOOK 


chromium sesquioxide, showed in many cases a more or ^ass 
complete conversion into metallic chromate with absorption of 
oxygen. Thus, for example, the products obtained from chro- 
mium oxide ana the following oxides (or carbonates) contained 
the annexed percentages of chromate respectively : Silver oxide, 
100 per cent, of chromate; magnesium oxide, 82.7 per cent.: 
calcium oxide, 56.9 per cent.; zinc oxide, 72 per cent.; and lead 
carbonate, 100 per cent. The reaction is therefore available 
for the preparation of certain chromates, notably that of mag- 
nesium, which in many cases can be substituted for alkali 
chromates. • 


Molecular Heat of Dilution 1 2 

The heat set free or absorbed on diluting a gram molecule of 
liquid with water is the molecular heat of dilution, thus on 
diluting HC1 to (HC1, 300 H 2 0) 17,300 cal. per 36.5 grams of 
HC1 are set free; diluting 2NaCl, iiH 2 0 (n = 20) to (2NaCl, 
100 H 2 0) absorbs 1060 cal. per 2 X .58.65 grams of NaCl. 


«• 


HC1 

n - 0 HjO 

HNOi 
n - 0 HaO 

HjSO* 
n - 0 IiaO 

NaOH 
n = 3 H 2 O 

NHi» 

n 

1 6,370 

2 11,360 

5 14,960 

50 17,100 

300 17,300 

1 3,280 

6 0,600 
10 7,320 

20 7,4o0 

320 7,490 

1 6,380 

5 13,100 

49 16,700 

199 17,100 

1,600 17,900 

5 2,130 

7 2,900 

9 3,100 

25 3,260 

200 2,940 

1 1,260 

3 385 

6.8 210 

9.5 20 

110 

2NaCl 

n - 20 HsO 

2NaNO. 
n ™ 12 IUO' 

NazSO« 
n = 50 H 2 O 

1 

ZnClz 

n - 5 H 2 O 

Zn(NO.)a 
n - 10 

100 -1,060 
200 -1,310 
400 -1,410 

50 -2,260 
100 -3.290 
200 -3,860 
400 -4,190 

100 - 665 
200-1,130 
400 -1,380 
800 -1,480 

10 1,850 

20 3,150 

50 5,320 

100 6,810 
400 8,020 

15 910 

20 1,150 

60 1,200 
100 1,100 
200 1,070 





Standards for Work with the Bomb Calorimeter* 


Berthelot 


Atwater 


Fischer fr 
Wrede 


U. S Bureau 
of Standards 


Naphthalene. £ 
Benzoic acid. . . . 
Cano sugar (sucrose) 


9692 9628 
6322 6322 
3961 3957 


9640 9610 
6333 6320 
3957 


1 from Kaw and I.abt, Physical and Chemical Constants.” 

2 Heat developed on diluting NHa^nHaO to NH3-200H2O (Berthel,ot). 
8 From Somekmeier’s “Coal.” 
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Thermoelectric Constants 


The electromotive forces 1 given by various thermo-couples 
in general use, and at a temperature of 500°C., with the cold 
junction temperature 0°C. f are as follows: 


Name of thermo-couple 


Approximate electro- 
motive force in milli- 
volts at 500°C. 


Platinum-platinum 10 per cent rhodium. 
Platinum-platinum 10 pier cent indium. . . . 
Nickel-nickel 10 per cent, chromium (The HobWu'b 
couple®. .... 

Iron-nicml 

Iron-constantan .... 

Silver-constantan . . 

Copper-constantan 

Chromel-alumel 


4.4 
7 4 

10 0 
12 0 
26.7 

27.6 
27 8 

20.7 


The relation between temperature and the electromotive 
force produced by a thermo-couple when the cold junction is 
maintained at 0°(J. is usually given in an equation of the form 

log e = A log t + B, 

where 

e = e.m.f. of the thermo-couple in millivolts, 
t = the temperature of the thermo-couple in degrees 
Centigrade, 

and A and B are constants depending on the wire employed. 

For chief thermo-couples in general U‘"e at the present 
time this equation is as follows : 

Platinum-platinum rhodium approximately log e = 1 19 log t + 0 52 

Platinum-platinum iridium approximately log e = 1 10 log t -f 0 89 

iSiIver-conutantan approximately. log e = 1.14 log t 4- 1.34 

(See also p. 202.) 


Thermochemical Constants per Chemical Equivalent 
with Corresponding Voltages 

In the table of thermo-chemical constants per chemical 
equivalents (by J. W. Richards, Journ. Franklir^tlnst^ 1906) 
the column headed “per chemical equivalents" gives the addi- 
tional energy in case of the plus figures, or the smaller amount, 
in case of the negative, required to set free a chemical equiva- 
lent (molecular weight divided by valence) of the given sub- 
stance as compared with the energy required to decompose the 
corresponding hydrogen compound. 

In the formation of CuCl 2 the data in the table are — 7900 
Cu, -j- 39,400 Cl 2 = 31,500 gram-cal. required for Jhe decom- 
position of one chemical equivalent of CuCl 2 , the corresponding 
drop in voltage is — 0.34 Cu, + 1.71 Cl* = 1.37 volts for the 
decomposition voltage of CuCl 2 . The order in which the 
elements are placed- gives also the order in which fney will* be 
deposited one after another by decreasing voltages. 

1 Engineering, Aug 1, 1913. 
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Basic elements 

Element 

Acid elements 

Salt 

Element 

Per chemical 
equivalents, 
gram-cals. 

Corre- 

sponding 

voltage 

Per 

chem. 

equiv., 

gram-cal 

Corre- 

sponding 

voltage 

Li' .... 

+ 62,900 

+ 2.73 

F;" (gas).... 


+ 2.30 

Fluoride, 

Rb' ... 

+ 62,000 

+ 2.69 

C W (gas)... 

+ 39,400 

+ 1.71 

Chloride, 

K' 

+ 61,900 

+ 2.09 

Bra" (gas).. . 

+ 32,300 

+ 1.40 

Bromide. 

Ba". . . . 

+ 59,9o0 

+ 2.60 

Br' (liquid) . 

+ 28,600 

KU2JI 

Bromide. 

Sr" 

+ 58,700 

+ 2.55 

Br' (solid).. . 

+ 27,300 

+ 1.18 

Bromide, 

Na' ... 

+ 57,200 

+ 2.48 

Ia" (gas) 


+0.87 

Iodide. 

Ca" . . . 

+ 54,^00 

+ 2.36 

I' (liquid*; . . . 

mm 

+0.63 

Iodide. 

Mg". . . 

+ 54,300 

+ 2.36 

I' (solid) . . . 

+ 13,200 

+0.57 

Iodide. 

A1 . .. 

+ 40,100 

+ 1.74 

8" (solid) . 

- 5,100 

-0.22 

Sulphide, 

NH/.. . 

+ 33,400 

+ 1.45 

Se" (met.) . 

-17,900 

-0.78 

Selenide. 

Mn". . . 

+24,900 

+ 1.08 





Zn".... 

+ 17,200 

+0.75 





Fe". . . . 

+ 19,900 

+0.47 





Cd". .. 

+ 9,000 

+0.39 





Co".. . . 

+ 8,200 

+0.36 

I 




Ni" . . . 

+ 7,700 

+0.33 





Fe'".... 

+ 3,230 

+0.14 





Sn". . . . 

+ 1,900 

+ 0.08 





Pb" 

+ .400 

+ 0.02 





H' 

0 

* 0 





Tl". . . . 


-0.04 





Cu". . 

- 7,900 

-0.34 





Hg" - - . 

-14,250 

-0.62 





Pt"".. . 

-19,450 

-0.84 





Ag' 

-25,200 

-1 10 





Au" # . . . 

-30,300 

-1 32 






Calculation of Electromotive Force (Thomson's Rule) 

One coulomb liberates 0.000010302 grams of II. In order 
to set free 1 gram of H, or 1 gram equivalent of any other ele- 
ment, an expenditure ifl 1 -5- 0.000010392 = 96,500 coulombs 
is required. This is known as a Faraday and is usually denoted 
by the letter F. 

If Q is the heat energy of formation of one molecular weight, 
n the valence of the compound, then 

nEF = Q ‘X 4.19 
F - 96,500 

E 23703to (Tl,OMSON ’ S mle) - 

The rule is not quite correct. The true relation between heat 
and electrical energy is given by the Gibbs-Helmholz equation 

• nEF = <3 + T§ 

dE 

in which absolute temperature, and is the temperature 

coefficient <sf the e.m.f. As this coefficient is usually not large, 
Thomson’s rule is sometimes used to give an approximate 
value. 
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Cu + CI2 + 03 = 62,500; n = 2 valences 
_ _ 62,500 , 

E 23,040 X 2 1 ' 36 vo tR 

CuSO* + H 2 0 = Cu + H 2 SO, + O 
197,500 + 69,000 - 210,000 = 56,300 


E 


56,300 _ , „ 

2 X 23,040 1-22 v ° lls 


Electroplating Baths 1 

Brass Bath (Roseleur’s). — Per liter of water: 

Sodium carbonate, dry (Na 2 C0 3 ) . 10 g. 

Cupric acetate, pulverized 14 g. 

Sodium bisulphite (HNaSG 3 ) 14 g. 

Zinc chloride, fused (ZnCla) 14 g. 

Potassium cyanide (100 per cent. KCN) 40 g. 

Ammonium chloride (NH 4 C1) 2 g. 

Current density, 0.3 amp. per sq. din.; e.m.f., 2.7 volts; sp. gr., 
1 0545; deposit per hour, 0.0041 mm. 

Dissolve the sodium salts in 400 cc. warm water, stir the 
copper and zinc salts with 400 cc. of warm water, and stir 
slowly into the first solution. Dissolve the cyanide in the 
remainder of the water and stir into the other portion of the 
hath, where the precipitate should dissolve. Add the ammo- 
nium chloride and boil for an hour, replacing the water evap- 
orated. 

Cadmium. — A cyanide lyttli is recommended. A few hun- 
dredths of a per cent, of nickel, cobaft, or copper is said to 
improve the deposit. 

Chromium Plating. — In chromium plating, it is most impor- 
tant to have the current on, so that immersing the work to be 
plated closes the circuit. The bath recommended by the 
Bureau of Standards is 250g. per liter of chroniio^anhydride, 
CrO a ; 3g. chromic sulphate, Or 2 (S0 4 )3; and Tg. chromium 
carbonate, Cr 2 0(C03)a. The current density recommended 
is 22 amp. per sq. dm., run at temperatures from 40 to 50°C. 
Chromium plating can be stripped from nickel or steel by 
making it the anode in the same bath as used for plating. 
See “Nickeling on Aluminum ” p. 367, for some data on chrome 
plating on aluminum. 

Copper Bath — Acid. — Per liter of water: • 


Copper sulphate (CuSC>4-5H 2 0) 200 g. 

Sulphuric acid (cone. H 2 S0 4 ) # . . . . ^3Q g. 


Current density, 1 to 3 amp. per sq. dm.; sp. gr. 1.1^17. 

1 "A Laboratory Course in Electrochemistry,’' Watts. 
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Copper Bath — Alkaline.— t Per liter of water: 


Sodium sulphite (Na 2 SOs) 20 g. 

Sodium carbonate (Na 2 CO 3 ' 10 H 2 O) 20 g. 

Sodium bisulphite (HNaSOs) 20 g. 

Cupric acetate (CU 2 C 2 H 3 O 2 H 2 O) 20 g. 

Potassium cyanide (100 per cent. KCN) 20 g. 


Current density, 0.3 amp.; e.m.f., 2.9 volts: sp. gr., 1.0507; 
deposit in 1 hour, 0.0056 mm.; temp., 20 6 C.; make-up as 
under brass bath. 

Copper-nickel allots may be deposited from a double solution 
of copper and nickel cyanides, 50 to 150 grams per liter. Satis- 
factory anode corrosion is obtained by the addition of 5 to 40 
grams per liter of KC1. The bath must be worked at a low 
temperature, preferably below 18°C. Current as high as 25 
amp. per sq. dm. can be used. 

Cobalt Bath I, — Cob alt-ammonium sulphate, CoS 04 -(NH 4 ) 2 - 
S0 4 -6H 2 0, 200 grams per liter of water (or 145 grams of the 
anhydrous salt). Sp. gr., 1.053 at 15°C. 

Cobalt Bath II. — Cobalt sulphate, C 0 SO 4 , 312 grams, sodium 
chloride, NaCl, 19.6 grams, boric acid, nearly to saturation, 
water, 1000 cc. Sp®gr., 1.25 at 15°C. 

Use cobalt anoues, and current even up to 160 amp. per 
square foot where possible (II. T. Kalmus el oZ., Electrical 
Review , May 8, 1915). 

Gold Bath. — Per liter of water: 

Sodium carbonate, dry (NaaCOs) 10 g. 

Gold-ammonium chloride (NH 4 ) 2 AuCl 6 . ... 2 g. 

Potassium cyanide 7 g. 

Current density, 0.1 amp. per sq. dm.; e.m.f., 2.8 volts; sp. 
gr., 1.0175; deposit per hour, 0.00184 mm.; temperature, 
20°C.; anode area one-third cathode. 

Duriron makes a vftry serviceable anode in gold cyanide 
solutions (M. de K. Thompson). The alloy withstands corro- 
sion well and makes a better anode than lead in the electrolytic 
extraction of gold. 

Iron Bath. — Per liter of water: 

Ferrou? sulphate (FeS 04 * 7 H 2 0 ) 150 g. 

Ferrous chloride (FeCl 2 -4H 2 0) 75 g. 

Ammonium sulphate (NH 4 ) 2 S 04 100 g. 

Current density, 1.0 amp. This bath can be used for refining 
iron. At 20°C. the deposit is hard and brittle, but electrolysis 
at 80° to 90° yields a soft metal. See also p. 767. 

Lead Bath. — Por liter of water: 


Lead ^as PbSiF 0 ) £0 to 80 g. 

Hydrofluosilicic acid (H 2 SiF 6 ) 100 to 150 g. 

Gelatin 0 . 5 g. 


Current density * 1.2 to 1.6 amp. per sq. dm. This bath is 
used for refining. For plating reduce the free acid to 2 or 3 per 
cent. 
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(lickeling on Aluminum. — For® both nickel and chrome 
plating on aluminum a roughened aluminum surface appears 
preferable to a smooth one. In general, any bath that will 
nickel on zinc appears satisfactory for aluminum. A bath 
with a pH of 6 gives best results, and nickeling before chrome 
plating appears advisable. 

Nickel Plating. — C. T. Thomas and W. Blum of the Bureau 
of Standards state that nickel plating thinner than 0.001 in. 
(0.025 mm.) is useless. Nickel deposits with a high iron 
content turn yellow and permit excessive corrosion of the 
underlying steel. Deposits containing a substantial copper 
layer, either prior to the nifckcl coating, or between two layers 
of nickel, furnish a far better protection against atmospheric 
corrosion than do deposits of pure nickel of the same thickness. 
{Trans. A.E.C.S. , 1927.) 

Nickeling on Iron or Steel. — Per liter of water: 

Nickel- ammonium sulphate 75 g. 

Current density, 0.3 amp.; e.m.f., 3.5 volts; sp. gr., 1.0479; 
deposit per hour, 0.0034 mm.; cast anodes should be half the 
area of cathode. A little boric acid in thesjbath gives a brighter 
deposit. 

Nickeling on Brass or Copper. — Per liter of water: 

Nickel sulphate (NiSO* 7H ? 0) 50 g. 

Ammonium chloride (N11 4 C1) 25 g. 

Current density, 0.5 amp. per sq. dm.; e.m.f., 2.3 volts; sp. gr. 
1.0357; deposit in 1 hour, 0.0059 mm.; cast anodes should be 
one-half area of cathode. 

Nickeling on Zinc. — Per liter of water: 

Nickel sulphate • 40 g. 

Sodium citrate 4 35 g. 

Current density, 0.27 amp. per sq. dm.; e.m.f., 3.6 volts; sp. 
gr., 1.0394; deposit per hour, 0.00301 mm ; rolled anodes 
should have two and one-half times area of cathodes. 

Nickel Solution — Thick Deposits. — Per liter of vaatcr: 


Nickel sulphate, Ni SO 4 -7H 2 0. 50 g. 

Ammonium tartrate, neutral 36 g. 

Tannin 0.25 g. 

Current density, 0.3 amp. per sq. dm. 

Black Nickel. — Per liter of water: 

Nickel-ammonium sulphate 60 g. 

Ammonium sulphocyanide f 15 g. 

Zinc sulphate, cryst 7 g. 


TJse nickel anodes three to four times the surface of the 
cathodes. Current density, 0.05 amp. per sq. dn>. Depdsit 
takes best on white nickel. Solution must be kept neutral 
by nickel carbonate. 
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r jin Bath, by Immersion. — Per litier of water: 

Ammonium alum (NH 4 A1(S04)2-12H 2 0) 25 g. 

Tin chloride, fused (SnCl 2 ) 2 g. 

A bright coating is produced on clean iron by 30 to 60 seconds 
immersion in the boiling solution. 

Zinc Bath. — Per liter of water : 

Zinc sulphate (ZnS0 4 -7H 2 0) 100 g. 

Ammonium chloride (NH 4 C1) 25 g. 

Ammonium citrate 40 g. 

Current density, 0.5 to 1.0 amp. per sq. dm.; e.m.f., 1.1 to 

2.2; sp. gr., 1.0781; deposit per ampere-hour, 0.0173 mm. 
Zinc Bath. — Per liter of water: 

Zinc chloride 60 g. 

Ammonium chloride. 30 g. 

Hydrochloric acid .... 4 g. 

Glycerine 4 g. 


Use anodes of zinc and of antimonial lead in equal numbers. 


Electrolytic Oxidation and Reduction 

Overvoltage of Hydrogen and Oxygen. 

(Quoted from Watts “A Laboratory Course in Electrochem- 
istry.”) 

“Electrolysis lends itself well to oxidation rnd reduction proc- 
esses, since it is possible to vary not only the speed, but also the 
intensity of the action with great nicety. Factors affecting the 
intensity of the reducing action are the material of the electrode, 

Overvoltage of Hydrogen 



Note. — “ N " in the above table stands for normal. 

* Zeit. phys. Chem., 1899, p. 89. 

* Zeit. f. Elektrochem., 1904, p. 715. 

■ Zeit. /. Chem.. 1904, p. 712. 
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the nature of its surface, a»d the current density. In compar- 
ing the effects of different cathodes, an attempt is frequently 
made to resolve the reducing action of the cathodes into the 
catalytic action of the electrode material, and the ‘overvoltage ' 
of the hydrogen. The variation in the potential required by 
electrodes of different metals for visible evolution of hydrogen is 
usually expressed as the ‘overvoltage’ of hydrogen on the par- 
ticular irietal, the least potential of platinized platinum being 
taken as zero. The discharge potentials referred to the calomel 
electrode (value, —0.56 volt) have been calculated for the differ- 
ence between the cafomel electrode and the hydrogen electrode 
in normal sulphuric acid. The increase of overvoltage with 
time and its diminution with rise of temperature varies for 
different metals.” 


Anode Potentials and Overvoltage of Oxygen 


Anode 

By Coehn. Least 
anode potential 
for evolution of O* 
vs. h?d. electrode 
in N KOH 

Overvoltage All- 
mand, p. 131 

Discharge poten- 
tial vs. calomel 
electrode calcu- 
lated by Watts 

Nickel, sponge. 

1 28 

0.05 

-0 0524 

Nickel, smooth . 

1 35 

0 12 

-1 0224 

Cobalt 

1.30 

0 13 

-1.0324 

Iron 

1.47 

0.24 

-1 14 24 

Platinixed- 

platinum 

1 47 

0 24 

-1.1424 

Copper. . 

Lead 

1.48 

0 25 

-1 1524 

1.53 

0.30 

- 1 . 2024 

Silver 

1 63 

0 40 

-1.3024 

Cadmium. . 

1 65 

0 42 

-1 322*1 

Palladium. 

1 (35 

'n 42 

-1 3224 

Platinum.. . 

1 67 

0.44 

-1.3424 

Gold 

1 75 

0,52 

-1 4224 


* 3 ®-S 

V* > o 
**.2 "o ■£» 

E g Jaii 

® -2 a 
o o o W 
r as O 

^ 3 .M 
§ "o T3 . 
>, Sj ► >»£ 
pQ»J iujSn 


5 . 

o 

K- 

O 

«S 

*2 


a 

o 

a 

£ 


1 35 


2.00 


1 47 


1 77 


30 


1 05 
1 07 


2 45 
2 92 


2.50 


On the c matter of overvoltage and electrode potential, 
S. J. French and Louis Kahlenberg presented a paper at 
the May meeting, 1925, of the American Electrochemical 
Society, in which the following points were emphasized: 

All metals and gases form gas-metal electrodes, the potentials 
of which are specific for the particular gas and metal, and are 
related to the absorbing power of the metal for the gas and 
the affinity of the* metal for each gas, in case of a mixture. The 
total combination potential is due both to the absorbed gas 
and a concfensed film of gas on the surface of the metal. Oxy- 
gen tends to make the metal potentials less basic, while nitrogen 
and hydrogen hpve the opposite effect. Elements having a 
stiong terjpfcncy to form acids behave differently with oxygen 
than do other elements. Elements having amphoteric prop- 
erties, variable valences, and known to function as catalysts, 
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sh greater changes with hydrogel and nitrogen than do the 
more simple and pronouncedly metallic elements. Carbon 
monoxide and methane alter the potentials of platinum and 
palladium materially. On other metals the effect of these 
gases is slight. 

Coating electrodes and stirring the electrolyte has the 
same effect in preventing the condensation of the gas film on 
the surface of the electrode. This gas film is a definite phenom- 
enon and because of its instability causes fluctuations in 
potential measurements. The so-called single potentials of 
the metals, determined as they are in air, are in reality the 
potentials of air-metal electrodes. The most constant elec- 
trodes are those which show the smallest difference between 
their oxygen and nitrogen potentials. The peculiar behavior 
of aluminum in the electromotive series is due to the formation 
of an oxygen-aluminum electrode. Amalgamation and alkali 
electrolytes permit of the formation of hydrogen at the surface 
of the aluminum electrode and thus give a more basic potential. 

So far as theory goes, overvoltage is believed to be polariza- 
tion due to electrically neutral monatomic gases. 

In fused salts, the so-called “ anode effeyt” seems to be due 
to local overheating at any point. This establishes a gas 
film at that point which diverts current to other points of the 
anode area, overloads them, and results in the practically 
instantaneous spread of the film over the whole anode surface. 
(C. S. Taylor, Aluminum Co. of America.) 


Electrochemical Order of the Elements 1 

In the following series each metal is electronegative to all that 
follow it. Two metals in contact in the presence of an electro- 
lyte form a galvanic couple which c&\ises the more electro- 
negative to be decomposed by electrolysis. 

Cs-, Rb, K, Na, Li, Ba, Sr, Ca, Mg, Al, Cr, Mn, Zn, Ga, Fe, 
Co, Ni, Tl, In, Pb, Cd, Sn, Bi, Cu, H, Hg, Ag, Sb, Te, Pd, Au, 
lr, Rh,Pt, Os, Si, C, B, N, As, Se, P, S, I, Br, Cl, 0, F. 

Some authors put Cd just before Fe, Sn before Pb, and Sb and 
As before Cu. That the last two should precede copper ordi- 
narily seems probable. The order changes with the specific 
electrolyte, and the position of selenium varies with the amount 
of illumination. 

1 Gore, “The Art of Electrolytic Separation of Metals." 
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Potentials op Metals in their Normal Salts 

(Neumann) 



Sulphate 

Chloride 

Nitrate * 

Acetate 

Magnesium 

+ 1.239 
+ 1 040 
+ 0.815 
+ 0.524 
+0.162 
+0to93 
-0.019 
-0.022 

+ 1.231 
+ 1.015 
+0.824 
+0.503 
f 0.174 
(-0.087 
-0.015 
-0.020 
-0.085 
-0.095 
-0.249 
-0.315 
-0 376 
-0 550 

+ 1.060 
+0.775 
+0.560 
+0.473 
+0.122 

+ 1 240 




+0 522 

Cadmium 



-6.078 

-0.060 

-0.004 


Tin 


Lenrl 


‘ -0.115 

-0.079 

-0.150 

Hydrogen 

-0.238 

-0.490 

Bismuth 

-0.500 

Antimony 


Arsenic 




Copper 

-0.515 
-0 980 
-0.974 

-0.615 
-1 028 
-1 055 

— 0 . 680 ' 

-0 991 

Mercury 


Silver 


PA.llfl.dimn 

-1 066 
-1 140 
-1.356 

Platinum 


Gold . . 





»' ’ 



Decomposition Voltages 
(Le Blanc) 


h*so 4 . . . 

1.67 

Nal . . 

1 12 

NiSO* .... 

2 09 



HNO«... 

1.69 

NaCjIIaOi 

2 10 

NiCl?. ... 

1 84 



H.PO 4 .. 

1.70 

k?so 4 . . 

2.20 

AgNOa . . 

0.70 



HC1 . .. 

1 31 

KNOa .... 

2 17 

CdSt>4 . . . 

2.03 

SnCl 2 

1 76 

NaOH. 

1 67 

KC1. . . 

1 96 

C 0 SO 4 

1.92 

MnS0 4 

2.60 

KOH . . 

1 69 

(NH 4 ) 2 S0 4 

2 11 

HgCls 

1 30 

MnCh. 

2 77 

NH 4 OH. 

1 74 

CaCla. . . 

1.89 

Fp 2 (S0 4 )8 

1 64 

CuCh . 

1 36 

Na 2 S0 4 . 

2.21 

SrCl-i . . . 

2 01 

FeS0 4 . . . 

2 02 



NaNOa.. 

2.15 

BaCh... . 

1 95 

AuCla . 

0 39 



NaCl. . . . 

1 98 

ZnSOa ... 

2 35 

FeCla 

2 16 



NaBr 

1«58 

ZnBr . . . 

1 1 80 

1 

* 
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SlJctromotive Force of Metal% and Minerals in KCN 
Solutions 1 

( Y KCN6 - 5 Por Cont ) 



Volts 


Volta 

Aluminum 

+ 0.99 

Iron 

-0.17 

Zinc, amalgamated.. . 

+ 0.93 

Chalcopyrite 

-0.20 

Copper 

+ 0.81 

Pyrite » . . . 

-0.28 

Cadmium. . . 

+ 0.61 

Galena 

-0.28 

Tin 

+ 0.45 

Argentite 

-0 28 

Bornite 

+ 0.45 

Speiss (cobalt).. . . 

-0.30 

Copper, amalgamated. 

+ 0.39(?) 

Arsenopvrite 

-0.40 

+0.37 

Platinum 

-0 40 

Silver 

+ 0.33 

Cuprite 

-0.43 

Copper glance 

Lead. ... 

+ 0.29(?) 
+0.13 

Electric-light carbon. . . 
Blende 

-0.40 
-0 48 

Quicksilver 

-0.09 

Bournonite.. 

-0 50 

Gold, amalgamated. 


Coke 

-0.52 

Antimony 

’ +o!og’ 

Ruby silver ore 

-0 54 

Arsenic 

+ 0 04 

Stepnanite. ... 

-0 54 

Rismnt.h. . . 


Stibmte 

-0.56 

Niccolite 

-0.11 

i 


1 Prof. S. B. Christy, Trans . A. I. M. E. f Sept., 1899. 


Decomposition Voltages of Molten Alkali Halides and 
Alkaline-eakth Chlorides 1 


Compound 

Decomposition voltage 

Temp, coeff. 

Li Cl 

) 

630° C. = 2 62 v. 

1.35 X 10-* 

NaCl 

835° C. = 2.6 v. 

1.46 X 10~ 3 

KC1 

810° C. = 2.8 v. 

1.51 X 10“ 3 

NaBr. 

690” C. = 2.45 v. 

1.465 X 10“ 3 

KBr 

690°,C. = 2.6 v. 

1.465 X 10" 3 

Nal 

630° C. = 2.05 v. 

1.48 X 10" 3 

KI 

(330° C. = 2.2 v. 

1.48 X 10-* 

Na 2 S0 4 . .. 

890° C. = 2.5 v. 

2.00 X 10- 3 

k 2 so 4 

890° C. = 2.6 v. 

2.00 X 10" 3 

Na 2 C0 3 . . 

770°C. = 1.3 v. 


CaCl 2 

585° C. = 2.85 v. 

0.685 X 10- 3 

SrCl 2 

615° C. =3.0 v. 

0.715 X 10~ 3 

BaCL 

650° C. = 3.05 v. 




• ■ • i 


1 B. Neumann and E Behgve. Z Elrktrochem . 21; 152-60 (1915) — For 
these experiments a C crucible covered with a mixture o£ water-gli\SB and as- 
bestos was found to be the only one practicable. Graphite el&JSrodes wc*jc 
used covered, where exposed, with the same mixture. * 
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Deposition by Immersion 1 


Solution Deposits on Does not deposit on 

SbCla Bi, Brass, German Ag, Sb, Cu, Fe, Ni, Au, Pt, 

Pb, Sn, Zn ■ Ag. 

BiCla Fe, Pb, Sn, Zn. . Sb^Bi, Brass, Cu, Au, 

CuS0 4 , Cu- Fe, Pb, Sn, Zn . . . . Sb, Bi^Cu, Au, Ni, Pt. 

(NO«) 2 

CuCIj. ... Bi, Fe, Pb, Sn, Zn. . Sb, Cu, Au, Ni, Pt, Ag. 
CuCl 2 (am- • 


lUUIll&UUl ; . LiU nu, VyU, /\U, £>I, TO, 

Pb, Ni, Pt, Ag. 

HgNOa . . As, Bi, Cd, Cu, Sb, Fe, 
brass, Pb, Zn 

AgN0 3 . . . . Pb, Sn, Cd, Zn, Cu, Bi, 

Sb, Fe, Ni. . Ag, Au, Pt. 

AgN0 3 As, Sb, Bi, Zn, Sn, Cu, Fe. 

(alcoholic). 

AgCN KCN. . Zn, Pb, Cu, brass, [ Sb, Bi, Sn, Fe, Ni, 
German Ag. \ Ag, Au, Pt. 

Au(CN) 3 KCN Zn,tCu, brass, German J Sb, Bi, Sn, Pb, Fe, 


Ag. I Ni, Ag, Au, Pt. 

Cleaning Metals by Electrolysis. — In cleaning adhesions of 
dirt, rust, etc., from metals, the following method is recom- 
mended: The articles are connected to the poles of an alter- 
nating circuit and immersed in a salt solution. The liberation 
of gases on the surface of the metals very quickly removes or 
loosens everything of a non -metallic character, while the alter- 
nating current prevents any permanent action on the metal 
itself, and it is said the finish of the surface is not interfered 
with. The voltage slyiuld be sufficient to cause evolution of 
gas at the poles, and currents up to 110 volts have been used. 
( Mining Review, Melbourne, Aust.) 

Other authorities recommend a 10 per cent, solution of 
II»P0 4 . A carbon electrode is used if both electrodes cannot 
be coinpo^gd of metals to be cleaned. 

A mixture of freshly moistchcd crushed sodium bisulphate 
and common salt can also be used. This is applied and allowed 
to remain in contact with the plate to be cleaned for some time. 
After the plate is clean the mixture should be scraped off and 
the plate washed with an alkaline solution. 

Ten per cent, ferrous sulphate solutions, or 10 per cent, 
aluminum sulphate solution, or 3% per cent, boric acid solution 
is recommended - by Friend and Marshall, allowing about 
14 days ifi solution, for taking off rust. 

1 Gore, “Art of Electrolptic Separation of the Metals.” 

“S ' 
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Dips fob Copper *and Brass 1 



Deg. m 

* 

,Sp. Gr. 

Scaling dip 

Bright dip 

g. per 1. 

cc. 

g. per 1. 

cc. 

HjSO. 

66 

1.84 

700 

380 

800 

435 

HNO, 

40 

1.38 

100 

72 

100 

72 

HC1 

21 

1.17 

5 

>4 

2.5 

2 

11,0 


* 

444 

444 

491 

491 


1 A. Kenneth Graham, Trans. A. E. S. t 1927, p. 219. 


Electrolytic Rectifier. — Where only alternating current is 
available, direct current for storage-battery charging and similar 
uses may be obtained by running the alternating current 
through an electrolytic cell consisting of a steel electrode, an 
aluminum electrode, and a boric-acid electrolyte (Nodon 
electrolytic valve). Current passes with relative ease from 
the iron to the aluminum, but not in the reverse direction. 
Another rectifying cell consists of a plate df tantalum and one 
of lead immersed in a dilute sulphuric acid solution (U. S. 
Patent 1,495,582). The output is increased by adding a 
nickel or iron salt to the electrolyte. The current output is 
limited by the overheating of the cell. The temperature 
should not be carried to over 70°C. 




SECTION V 

SAMPLING, ASSAYING AND ANALYSIS 1 


STANDARD SOLUTIONS 

Ammonium-nitrate Solution. — For washing ammonium phos- 
phomolybdate — 5 to 10 per cent. Dissolve 50 to 100 grama 
NH 4 NO 3 in water and acidify with HN0 3 , using 1 cc. per liter 
excess. Or add ammonia to strong HN0 3 (sp. gr. 1.42) until 
alkaline to litmus, and bring back to acidity with HNO 3 , using 
1 cc. per liter excess. 

Ammonium-oxalate Solution. — Used chiefly as a precipitant 
for calcium. 1 gram of salt per 10 cc. of water. 1 cc. will 
then precipitate 0.0145 gram of CaO. 

Barium Chloride. — Used as precipitant for S0 3 . 1 gram 

of crystals per 10 cc. of water. 1 cc. will precipitate 0.0327 
gram S0 3 . 

Bichromate Solution. — For iron determination — 8.79 grams 
pure K 2 O 2 O 7 in two liters of water. 1.0 cc. = 0.005 mg. Fe. 

Cochineal. — Grind 1 gram of the bugs in a mortar and 
digest with 100 to 150 cc. of cold dilute alcohol (1 vol. alcohol, 
3 vol. water) for 20 or 30 min. Filter and the solution is ready 
for use. See note under phenolphthalein concerning acidity 
of alcohol. Useful with titrations with ammonia. Salts of 
copper, iron and aluminum must be removed. Color changes 
from yellowish red in acids to purple in alkalis. 

Cuprous-chloride Solution (ammoniacal). — For gas analysis. 
Weigh out 16 grams of fresh Gu 2 Cl 2 , or about 25 if it is old. 
Place in lfyge Florence flask and add 250 cc. water. By means 
of delivery tube immersed in Water, pass the gas from 200 cc. 
concentrated ammonia water into the Cu 2 Cl 2 flask using a two- 
hole stopper in this flask with a check valve. Pass until practi- 
cally all ammonia has passed over. 100 cc. of this Cu 2 Cl 2 
solution will absorb 24 cc. of CO but should not be used in sec- 
ond pipette after it has absorbed 6. 

Cyanide Solution. — For copper determination. Use about 23 
grams commercial potassium cyanide per liter of water. The 
theoretical amount is 20.63. 1.0 cc. = 0.005 gram Cu. 

Dimethyl Glyoxime Solution. — For nickel. Dissolve 10 
grams of dimethyl glyoxime in 1 liter of 98 per cent, alcohol 
aid filter- if Accessary. Ten cc. precipitate approximately 
0.025 grains of nickel. 

1 For data on qualitative analysis see the previous section, pp. 322-343 ino. 

376 
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Tl?e dimethyl glyoxime may be recovered by saving the nickel 
dimethyl glyoxime precipitates, triturating them with a little 
water, and rinsing the paste into an evaporating dish with the 
addition of a -little potassium cyanide, until the nickel salt 
dissolves forming a reddish-yellow solution. Filter the solu- 
tion, without allowing it to stand, to remove asbestos fibers, 
etc., allow the solution to cool and saturate it with pure carbon 
dioxide gas. At the end of an hour all the dimethyl glyoxime 
will be precipitated. Filter on a suction funnel, wash with cold 
water, dry and weigh. Dissolve the dry powder in 98 per cent, 
alcohol 100 cc. per gram of the precipitate, add a pinch of bone 
black, heat and filter. The solution may now be used as a 
reagent. 

Ether -hydrochloric Acid, A (for separating ferric chlorides 
from the chlorides of manganese, nickel and aluminum). — 
Add ether gradually to hydrochloric acid of 1.19 sp. gr. until 
a layer of ether forms on top of the acid. It is advisable 
to cool the mixture from time to time as the ether is added. 
100 cc. of HC1 (sp. gr. 1.19) will dissolve about 150 cc. 
of ether. 

Ether-hydrochloric Acid, B (the weak solution for the same 
purpose). — Add ether gradually to hydrochloric acid of sp. gr. 
1.10. About 30 cc. of ether will dissolve in 100 cc. of acid. 

Ferrocyanide. — For zinc determination — 45 grams of pure 
K 4 FeCy G per liter of water. 1.0 cc. = 0.010 gram Zn. 

Hydrodisodium Phosphate.— HNa 2 P0 4 — used as precipitant 
for magnesia. 1 gram to 10 cc. of water. 1 cc. of solution 
precipitates 0.0112 gram of MgO. 

Hyposulphite Solution. — 'For use in iodide copper determina- 
tion — 19.59 grams c.p. sodium hyposulphite per liter of water. 
1.0 cc. = 0.005 g. Cu. 

Iodine Solution. — (1 cc. of this solution = 1 cc. of hypo- 
sulphite described above.) Dissolve 9.8 grams of iodine in 100 
cc. of water containing 20 grams of pure potassium iodide and 
make up the solution to 1 liter. 

I 2 + 2Na 2 S 2 0 3 = 2NaI + Na 2 S 4 0 6 . 

Litmus. — Dissolve 1 gram of litmus in 100 cc. of dot water 
and add, drop by drop, dilute sulphuric acid until the liquid 
acquires a red color. Boil for 10 min. to expel the carbon 
dioxide. Should the red color pass into blue during the boiling, 
restore the color by adding a few drops of dilute sulphuric 
acid. Then add baryta water, drop by drop, until a violet color 
develops, set aside to deposit, ana filter. Preserve the litmus 
tincture in bottles not completely filled, and preferably covered 
only with a loose cover. ’ 

Magnesia Mixture. — Dissolve 3 grams calcined MgO in 
least necessary quantity HC1. Add excess of magnesia and 
heat. Filter off any precipitated iron, aluminj or ph^phates, 
and add 35 grams ammonium chloride and 25 cc. of strong 
ammonia, and dilute to 250 cc. 1 cc. = 0.016 gram P 2 0 6 
approximately. 
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Magnesium -nitrate Solution. — Dissolve 16 grams calcined 
magnesia in least necessary nitric acid. Ada an excess of 
magnesia, heat for a few minutes, filter and make up 100 cc. 

Manganese Sulphate Solution. — For use in iron titrations, to 
render end-point more distinct. 160 grams of manganous 
sulphate are dissolved and diluted to 1750 cc. To this are 
added 330 cc. of phosphoric acid (syrup 1.7 sp. gr.) and 320 cc. 
of sulphuric acid. About 6 or 8 cc. are used in a titration. 

Mercuric-chloride Solution* — For tin precipitation in iron 
analysis — 7 gram* HgCh in 150 cc. water. 

Methyl Orange. — Dissolve the dry substance in water, about 
0.3 gram per liter. It must be used in cold solutions. It 
cannot, as a rule, be used with organic acids or with nitrites. 
Yellow with alkalis, pink with acids. 

Molybdate Solution.- -Dissolve 25 grams molybdic acid 
(Mo0 3 ) in about 100 cc. ammonia water. If action is too slow, 
warm and add a little more strong ammonia water. Cool and 
pour solution, a little at a time, into about 300 cc. of HNO s 
(sp. gr. 1.20). Cool mixture during tills process. Dilute to 
500 cc. 1 cc. will precipitate about 0.001 gram of phosphorus. 

For lead determination dissolve 9 grams of the salt in 1000 
cc. water. 1.0 cc. = 0.01 gram Pb. 

Nessler’s Solution. — For estimation of ammonia in water 
analysis. Dissolve 50 grams potassium iodide in a small 
quantity of hot water, cool, and add with frequent agitation 
a strong solution of mercuric chloride (40 grams of HgCh 
to 300 cc. of water until the red precipitate just redissolves. 
Filter. Add to the filtrate a strong solution of potassium 
hydrate containing 200 grams of the salt. Filter. Dilute to 
1000 cc. and add 5 cc. of a saturated solution of mercuric 
chloride. Allow the precipitate to settle, decant the clear 
liquid and keep for use in a tightly stoppered bottle. 

Normal Acid or Alkaline Solutions. — Contain 1.008 grams of 
acid hydrogen or 17.008 grams of hydroxyl per liter. 

Permanganate Solution. — For iron, lime, etc. 12 grams 
KMn0 4 to 2020 cc. water. 1 cc. = 10 mg. Fe. The same 
solution may be used for lime, 1 cc. = 5 mg. CaO; and for 
Mn, 1 m. = 0.002946 gram -Mn. The decomposition of per- 
manganate solutions can be lessened or entirely avoided by 
allowing them to stand for a few days, then filtering through 
glass-wool or asbestos, and then standardizing. 

Phenolphthalein. — The dry material is dissolved in alcohol, 
5 grams per liter. The alcohol may have some acidity which 
can be removed by boiling, or by redistillation with lime. 
Cannot be used with ammonia or ammonium salts. Can be 
used fey weak organic acids. Red with alkalis, colorless with 
acids. 

Platinic Chloride. — Dissolve 1 gram of metal in aqua regia , 
evapoimte to dryness, and dissolve in 1 cc. HC1 and 9 cc. H 2 O. 

^ 1 gram»of this solution precipitates 0.048 gram of K 2 O. 

Salt Solution. — 5.4189 grams per liter. 1.0 cc. — 0.01 mg. 
of silver. The salt should be dried at about 125°C. 
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Silver Nitrate. — 1 gram per 20 cc. oPwater. 1 cc. precipitates 
0.0104 gram of Cl. 

Sodium Bismuthate. — This reagent may be prepared by 
heating 20 parts of caustic soda nearly to redness in an iron dr 
nickel crucible, adding gradually 10 parts dry basic bismuth 
nitrate, followed by 2 parts of sodium peroxide. Pour the 
brownish fused mass on an iron plate to cool. When cold, wash 
four or five times by decantation with water, collect on asbestos 
filter and dry at 110°C. The compound answers roughly to 
the formula NaBiOs. It is unstable and if kept over six months* 
should be retested to see if it retains its oxidizing power. 
Dark-brown samples appear as efficient as yellow. 

Sodium Chloride. — See salt solution. 

Stannous Chloride Solution. — -Heat 15 grams SnCl 2 and 1 
gram pure Sn with 40 cc. water and 10 cc. cone. HC1. Keep 
tightly stoppered as it readily absorbs oxygen. 

Starch Paste. — Rub 2 or 3 grams of starch with cold water to 
a smooth paste which is then added a little at a time to 400 or 
500 cc. of boiling water into which it should be thoroughly 
stirred. After several minutes remove from heat and dilute 
(if necessary) to 600 cc. and add 5 grams of crystallized zinc 
chloride. Stir until the zinc salt dissolves, then allow to cool 
and settle. Decant and bottle the clear liquid for use. 

Tannin. — For use as indicator in lead assay by titration with 
ammonium molybdate. Dissolve 1 gram of tannin in 300 cc. 
water. 


COMMON NAMES AND THEIR CHEMICAL 
EQUIVALENTS 

Alum — usually potassium aluminum sulphate, KA1(S0 4 ) 2 - 
12H 2 0 is meant. The term ^applies generally to compositions 
of the type R'R'"(S0 4 ) 2 12H 2 0. 

Alundum — electrically fused A1 2 0 4 . 

Argols — -impure potassium bitartrate from the residues of 
wine making. 

Baking soda — sodium bicarbonate, HNaCO a . 

Black ash — crude soda ash. 

Bleaching powder — CaOCl 2 . 

Blue mass — a medicinal preparation of mercury. 

Bluestone (blue vitriol) — copper sulphate, CuS0 4 -5H 2 0. 
Borax — sodium tetraborate, Na 2 B 4 O7T0H 2 O. 

Butter of antimony — antimony trichloride. 

Calomel — mercurous chloride, HgCl 2 . 

Caustic soda — sodium hydroxide, NaOH. 

Choke damp — black damp; carbon monoxide. 

Chile saltpeter — sodium nitrate, NaNO s . 

Copperas — ferrous sulphate, FeS0 4 -5H 2 0. 

Corundum — crystallized native alumina. 

Cream of tartar — acid potassium tartrate. 

Crocus martis — a polishing powder made by calcining 
crystals of ferrous sulphate. 
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Corrosive sublimate — rtiercuric chloride, HgCl 2 . 1 

Cupferron — nitrosophenyl hydroxylamin ammonium. 

Dutch oil — ethylene chloride, C2H4CI2. 

Emery — alumina, chiefly from the island of Naxos. 

Epsom salts — magnesium sulphate. 

Eschka’s mixture — magnesium oxide and sodium carbonate. 

Fehling’s solution. — this is prepared by dissolving 34.64 
grams of pure crystallized copper sulphate in 500 cc. of water, 
and 173 grams of potassium sodium tartrate and 50 grams 
sodium hydroxide ,in 500 cc. water. When ready to use, take 
equal volumes of the two solutions. 1 cc. is equivalent to 
0.00475 grams of cane sugar after inversion, 0.005 grams 
anhydrous glucose, or 0.00678 grams anhydrous lactose. 

Fire damp — methane. 

Fowler’s solution — a solution of arsenious acid 1, potassium 
bicarbonate 1, compound tincture of lavender 3, water 95. 

Glauber’s salts — sodium sulphate, N2SO4IOH2O. 

Green vitriol — ferrous sulphate, FeS0 4 -5H 2 0. 

Hypo*— sodium thiosulphate, Na 2 S 2 03-5Ii 2 0. 

Javelle water — a dilute solution of potassium carbonate and 
bleaching powder. 

Laughing gas — ^ 2 0. 

Litharge — -lead oxide, PbO. 

Lunar caustic — silver nitrate, AgNOa. 

Magnesia alba — -magnesium hydroxycarbonate. 

Marignac’s salt — -potassium stannosulphatc, K 2 Sn(S0 4 ) 2 . 

Marsh gas — methane, CH 4 . 

Microcosmic salt — sodium-ammonium-hydrogen phosphate, 
HNaNH 4 P0 4 -4H 2 0. 

Minium — red lead, Pb 3 0 4 . 

Mohr’s salt— FeS04(NH 4 ) 2 S0 4 -6II 2 0. 

Muriatic acid — hydrochloric acid, HC1. 

Mustard gas — dicMoro-dicthyl sulphide, (CH 2 C1CH 2 ) 2 S. 

Niter cake — the residue from nitric-acid making, impure 
HNaSG 4 . 

Olefiant gas — ethylene, C 2 H 4 . 

Oil of bananas — amyl acetate. 

Oil of mirbane — nitrobenzene, CfiH 6 N0 2 . 

Oil of mustard — allyl iso thiocyanate, CSNC 3 H 6 . 

Oil of vitriol — sulphuric acid. 

Orpiment — arsenic trisulphidc, As 2 S 3 , as found native. 

Paris green — aceto-arsenite of copper. 

Pearl white — a basic nitrate of bismuth used as a cosmetic. 

Pink salt — a double salt of stannic and ammonium chlorides, 
used as a mordant. 

Plaster of paris — calcined gypsum. 

Prussian blue — ferric ferrocyanide. 

Prussic acid — hydrocyanic acid, IiCN. 

Purple of Carsius — the precipitate produced by adding stan- 
Vious chloride to auric chloride solution. Probably a colloidal 
gold. 

Realgar — red arsenic glass. 
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f 

Kid lead“-Pba0 4 . 

Red prussiate of potash — potassium ferricyanide, KaFe(CN)fl. 

Rinman’s green — basic phosphate of cobalt and zinc, con- 
tains 6 per cent. Co. 

Rochelle salts — potassium-sodium tartrate, KN&C4H4O6'- 
4 H 2 0 . 

Roman alum — potassium-aluminum alum. 

Saltpeter — potassium nitrate, KN0 3 . 

Sait — ordinarily sodium chloride is meant. 

Sal prunelle — purified potassium nitrate moulded into balls. 

Salt cake — impure sodium sulphate, NaHS0 4 . (This is a 
residue from nitric-acid makii^g.) 

Salt of amber — succinic acid. 

Sal ammoniac — ammonium chloride, NH 4 C1. 

Salts of lemon — acid potassium oxalate, HKC 2 0 4 . Poison- 
ous. 

Sal soda — (washing soda) sodium carbonate, NaaCOs- 
lOlLO. 

Scheele’s green — copper arscnite, CuHAsOs. 

Schiff’s reagent — -ammonium thio-acetate solution, CII3- 
COSNH4. 

Seidlitz powders — 35 grains of tartaric acitl and a mixture of 
40 grains of sodium bicarbona te with 120 grains of Rochelle salts. 

Soda ash — sodium carbonate, Na 2 C() 4 . 

Soda lime — a mixture (equal molecular parts) of NaOH and 
CaO. 

Sodium 4 ‘hyposulphite* * — sodium thiosulphate, N&sSsOa'- 
5H 2 0. 

Soluble water glass — sodium silicate, Na 2 Si0 3 . 

Sorensen’s oxalate — sodium oxalate, Na 2 (C 2 0 4 ). 

Sugar of lead — lead acetate, Pb(C 2 H30 2 ) 2 . 

Tartar emetic — potassium f antimony tartrate. 

Thenard’s blue — cobalt oxide and alumina, contains 14 
per cent. Co. 

Tincal — sodium tetraborate, Na 2 B 4 O7*10H 2 O. 

Washing soda — sodium carbonate. 

Waterglass — sodium silicate. 

White vitriol — zinc sulphate, ZnS04-7H 2 0. * 

Yellow prussiate of potash — potassium ferrocyanide, K 4 Fe- 
(CN) c . 
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pH 

If an acid is mixed with water it is partially dissociated. If we 
represent by [H + ] the concentration of the hydrogen ions and by 
[A“] the concentration of the acid ions (in a monobasic acid these 
would be equivalent) and by [HA] the undissociated acid, then 

[JL+] X [A-] _ 

[HA] B 

where Ka is the so-called ionization or dissociation constant. 
Similarly, for b$,ses 

[B+j X [OH-] _ 

[BOH] b 

where B is a monoacid base and K b its characteristic dissocia- 
tion constant. 

In water, a portion of the water is dissociated and 

1 X^IpP...] = k } b u t since the concentration of the undisso- 
[JlUJtlJ 

ciated water is so large compared with the portion dissociated, 
the equation may be written 

[H + ] X [OH-] = K w . 

In any alkaline solution there are enough hydrogen ions to 
satisfy the above relation and we may consequently speak of 
the hydrogen-ion concentration of alkaline solutions. 1 

If K a and K b are large there must be a relatively large amount 
of acid or base dissociated. If they are small the amount of 
dissociation must be relatively small. If the amount of dis- 
sociation is taken as a measure of “strength” of the acid or 
base, then K„. or K b is a measure of this strength. 

1 [A — 1 

Rewriting the original equation ^|£+j = k^IIAT anc ^ ^ or 

convenience we use ihe equation in reciprocal form and use 
1 

the value of log g+ under the symbol pH where H + is expressed 

as grams of hydrogen ions per liter. 

The hydrogen-ion concentration is becoming of considerable 
importamje commercially. Certain substances will filter, or 
settle well at a fixed pH concentration. 

While the ideal method of determining the pH concentration 
is by electrometric methods, indicators are certainly more 
convenient. Sorenson investigated extensively the correspond- 
* ence between colorimetric and electrometric determinations 
of hydrogen-ion concentration and found the discrepancies 
due to proteins and to certain salts. lie chose indicators 
relatively free from salt and protein errors, which are marked * 
in the list of indicators on p. 384. 

Clark and Lubs also worked out a number of indicators, 
some q£ whicl^ with the method of preparation of the stock 
•solution* "sre given below. 

1 Kw «= 10 -14 . If in an alkaline solution the hydroxyl-ion concentration 
is 0.01JV or 10-2, then |H + ] X [OH“] * 10”H or [H + ] = - 1 0~'*N. 
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Clark and Lubb worked out some^standard solutions which 
give a definite pH value, and which can consequently be used 
in matching colors for colorimetric determination of pH value. 

Standard Buffer Solutions at 20°C. 

Make Up 50 Cc. A + x Cc. B. Dilute to 200 Cc. 


A - 0 2M 
KC1 

B - 0.2M 
HC1 

A = 0.2M 
KH o-phthal- 
ate 

B - 0 2M 
HC1 

A - 0.2M 
ICH o-phthal- 
ate 

B = 0.2M 
NaOH 

A ~ 0.2M 
KH 2 PO 4 

B = 0.2M 
N*OH 

A - 0.2M 
HsBOs* 
+0.2M KC1 
B = 0.2M 
NaOH 

pH 

cc. B 

pH 

cc B 

pH 

cc. B 

pH 

cc. B 

pH 

cc. B 

1.2 

64.5 

2.2 

46 70 

4.0 

0.40 

5.8 

3.72 

7.8 

2.61 

1.4 

41.5 

2.4 

39.60 

4.2 

3.70 

6.0 

5.701 

8.0 

3.97 

1.6 

26.3 

2.6 

32.95 

4 4 

7.50 

6.2 

8.60 

8.2 

5.90 

1.8 

16.6 

2.8 

26.42 

4 6 

12.15 

6.4 

12.60 

8 4 

8.50 

2.0 

10.6 

3.0 

20.32 

4 8 

17.70 

6.6 

17.80 

8 6 

12.00 

2.2 

6.7 

3.2 

14 70 

5.0 

23.85 

6.8 

23.65 

8 8 

16.30 



3.4 

9 90 

5.2 

29.95 

7.0 

29.63j 

9 0 

21.30 



3 6 

5 97 

5 4 

35 45 

7.2 

35.00 

9.2 

26.70 



3.8 

2 63 

5 6 

39 85 

7.4 

, 39.50 

9.4 

32.00 





5 8 

43 00 

7.6 

P 42.80 

9.6 

36.85 





6 0 

45 . 45 

7 8 

45 . 20 ! 

9 8 

40.80 





6 2 

47 00 

8 0 

40 80 

10 0 

43.90 


* On basis of atomic weight 11 for boron 

For the preparation of these stock solutions, 0.1 gram of 
the dry powder is ground in a mortar with the following quan- 
tities of N/2 0 NaOH. When solution is complete dilute to 
25 cc. 


0 

Indicator 

pH Ainge 

N/20 NaOH 
per 0.1 g. 
reagent, 

cubic centimeter 

Phenol sulfon phthalein 

Tctra bromo phenol sulfon phthql- 

i 

6.8-8 4 

5.7 


u0* 

ein 

3 0-4.6 

3.0 

Ortho cresol sulfon phthalein .... 
Di bromo ortho cresol sulfon 

7 2-8.8 

5.3 

phthalein 

5. 2-6. 8 

3.7 

Thymol sulfon phthalein 

8.0-9 6 

4 3 

Di bromo thymol sulfon phthalein 

6 0-7.6 

3 2 

Methyl red 

4 4-6.0 

7 4 


Methyl red and propyl red (4. 8-6. 4) may be conveniently 
prepared for the tests by dissolving 0.1 gram in 300 cc. alcohol 
and diluting to 500 cc. with water. Ortho fcresol. dhthalei^ 
(8. 2-9.8) and phenolphthalein (8.3-10.0) are used in a .02 per 
cent, solution in 95 per cent, alcohol. 
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Methods for Preparation of Solutions of Common 
Indicators 1 


{Courtesy the Coleman & Bell Company) 


Name of indicator, pH range 

Amount 

used, 

grams 

Alcohol, 

95%, 

cubio 

centi- 

meter 

Water, 

cubic 

centi- 

meter 

Alizarine, 2/5. 5-0.8 r «nd a 10.0 12 1 

0.5 

100 


Alizarine blue S, 12.0-14 0 . 

0 5 


100 

Alizarine red 8, 2/3. 7-4. 2p. . . 

1.0 


100 

Alizarine yellow OG, c 10 0-12 Oy 

0 3 


1,000 

♦Alizarine yellow R, 2/10.1-12.1?/ 

0.3 


1,000 

Alkali blue 6B 

0.5 

100 


♦Alpha naphtholphthalcin, j/7.3 8.7 6 

0.2 

150 

100 

♦Alpha naphthylannne azo sulphamlie acid, 




3. 5-5. 7 

0.1 


100 

♦Azolitinin — To prepare solution, dissolve 1 0 
gram m 25 cc. N/10 KOH and 75 c c. of 
distilled water, r4 5-8.3 6 . . 




♦Benzeneazobenzylamline, r2 3-3 3 y 

0.5 

100 


♦Benzene azo alpha naphthylannne, 3 7- 5 0y . 

0.1 

100 


Benzopurpurin, »2. 0-4.0//. . 

0.2 


100 

Carmime acid (coehiieal), ?/4 8-6 2v 

0.2 

ioo 


Congo red, 63.0-5 Or. . 

0.5 

10 

90 

Ourcumin (turmeric), 2/7. 8-9 2br 

0 5 

100 


♦Dimethylamidoazobenzene, 1 2-2.1 

0 . 05 

100 


Diphenylaminoazobenzol, 2 9-4.0 

0 5 

100 


Erythrosin, o0 0 -3.6/? 

0 2 


100 

Ethyl orange, r2.0~4.02/ 

0 05 


100 

Ethyl red, r4.4-6.22/ 

0 1 

300 

200 

Fuchsin acid 

0 5 


100 

Gallein, variable, 0-14 0 

0 5 

ioo 


Hacmatoxylin, 5 0-6.0 

0 5 

100 

100 

Iodo-eosin, <>0 0-0 3 Jl 

0.2 


Lacmoid, r4.4-6 26 

0.02 


100 

♦Metanil yellow, rl.2-2 3y 

0 05 

ho 

50 

♦Methyl orange, r3 1-4 4y . « 

0.1 


1,000 

♦Methyl red, r4.4-6 Oy . . . r 

0.1 

300 

200 

♦Methyl violet, yO 1-3 2v 
♦Neutral red, r6.8-8 Oy. . 

1 .0 

500 

500 

Ortho cresol phthalem, cS 2 9 Sr 

0 02 

100 


♦Para nitro phenol, r 5 0-7 .0y 

0.2 

100 


Phenacotolin, jy3.0-6.0r 

0 5 

100 


♦Phenolphthalein, c8.3-10 Or 

0.02 

100 

100 

PoirrierV%iuc, 611.0-13 Or . 

0 2 


100 

Ilcsazurin, o3 8-6. fiv 

0 02 


50 

♦Rosolic acid, 6r6.9-8 Or. 

1 0 

50 


Sives red 

0 01 

100 


Tetrabromphenolphthalem, 8 0 12 0 

0.02 

100 

1,000 

♦Thymolplithalein, c9.3-10 56 
♦Tropaolin 0, 2/ll.l-12.7o . . 

0 5 

100 

0. 1 


50 

♦Tropaolin 00, rl.4-2.6jy. . 

0.05 

50 

1,000 

♦Tropaolin 000, jy7.6-8.9p. . . 

3 0 



Turmeric, 2/7.8- 9.06r 

0.5 

ioo 


Trinitrobenzene, cl3.0-14 3 o. 

• 

0.5 

100 



1 The color abbreviations arc as follows: 6, blue; 6r, brown; c, colorless; 
/, fades; fl, fluorescent; y, green; o, orange; p, pink; pu , purple; r, red; v, 
violet; y, sallow. • 

« * Reagei^a* marked thus make up Sorenson’s list of approved indicators 
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For more detailed information *the reader is referred to: 
Clark, “The Determination of Hydrogen Ions,” Williams 
& Wilkins Company, Baltimore, Md.; Prideatjx, “The 
Theory and Use of Indicators,” D. Van Nostrand Company, 
New York City. 

Recovery of Molybdenum from Laboratory Waste 

J. A. Prescott suggests a method for the recovery of ammon- 
ium molybdate used in phosphate determinations. The 
method is based upon the fact that if ammonium molybdate is 
boiled with an excess of a«id, molybdic acid is precipitated. 
All residues, including acid liquors from which the yellow 
phosphomolybdate precipitate has been removed or alkaline 
or neutral liquors obtained by dissolving the yellow precipitate 
in alkali or ammonia and ignited residues, are thrown into a 
large evaporating dish, which is kept heated in order to con- 
centrate the liquors. 

As the liquors are concentrated, molybdic acid is precipitated, 
and eventually, as there is a preponderance of acid residues, a 
strong, acid, sirupy liquid is obtained, frqm which crystals of 
ammonium sulphate or ammonium nitrate separate on cooling. 
A certain proportion of phosphomolybdate separates out with 
the molybdic acid. The whole is filtered, and the yellow molyb- 
dic acid is washed with cold water and dissolved in excess of 
ammonia. To the ammonia solution, magnesia mixture is 
carefully added until no more phosphate precipitates. The 
solution is filtered, concentrated to a small bulk (keeping 
ammonia present in excess) and allowed to crystallize. 

The mother liquors are worked up for further quantities 
of molybdate, and if necessary, the crystals obtained are 
recrystallized. When a blue color, due to the presence of 
lower oxides of molybdenum, is produced through allowing the 
waste liquors to evaporate to dryness and overheating, it may 
be removed by the addition of hydrogen peroxide. 

Toughening Filter Paper 

Dr. Clayton Beadle, describes a useful and simple method 
of strengthening a filter paper to such an extent that it will 
withstand the pressure produced by a powerful filter pump. 

The paper is folded and fitted into a dry funnel in the ordinary 
way, ana then a few drops of nitric acid of sp. gr. 1.42 are 
allowed to fall in the apex of the paper cone. The funnel is 
canted and quickly rotated so as to saturate the free unsup- 
ported apex of the cone with the acid, and is then immediately 
rinsed out under a tap, being filled and emptied from the top 
repeatedly, and finally rinsed out with distilled water if the 
presence of tap water is undesirable. • 

This treatment does not slow the filtering action of The 
paper; on the contrary, it tends to accelerate it, though treating 
the paper similarly all over slows the filtering very considerably 
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— four or five times. The* method is credited to E. J. Bevan, 
about 40 years ago, but few people seem to know of it. 


Notes on the Use and Care of Platinum Ware 1 

It is important to remember that, although platinum is not 
oxidized in the air at any temperature, nor attacked by any 
single acid, yet there are many substances that attack and com- 
bine with it at comparatively low temperature. 

The caustic alkalies, the alkaline earths, nitrates and 
cyanides, and especially the hydroxides of barium and lithium 
attack platinum at a red heat, altKough the alkaline carbonates 
have no effect at the highest temperatures. Phosphorus and 
arsenic attack platinum when heated with it; therefore phos- 
phates, arsenates, etc., should not be ignited in their filter paper 
in the crucible. Silicon, which may be formed by the reducing 
action of carbon on silica, causes brittleness. Contact with 
compounds of easily reducible metals like lead is dangerous at 
high temperatures, because low-fusing platinum alloys are 
readily formed. Do not put platinum in the inner cone of the 
Bunsen fyame; the carbon in this cone reacts with the platinum 
to form a carbide which causes brittleness and general 
deterioration. 

Every careful analyst of necessity uses clean utensils. The 
habit of cleaning and polishing platinum ware immediately 
after using is easily formed, and repaj^s the user with increased 
confidence in his work as well as with the prolonged life of the 
article. 

The loosening effect of the Bunsen flame upon the surface of 
platinum exposed to its action produces the familiar gray 
appearance which cannot be removed except by burnishing. 
Rubbing the surface o$ platinum \$ith moist sea sand (round 
grains only), applied with the finger, serves to remove most 
impurities and to polish the metal, without material loss in 
weight. 

fusing bisulphate of potash or borax in the vessel and then 
boiling m^vater and polishing as above with sand is recom- 
mended by Gmelin. When it* is desired to clean the outer 
surface of vessels in this manner, they must be placed in dishes 
of sufficient size to allow the fused flux to envelope completely 
the article to be cleaned. 

Sodium amalgam possesses the property of wetting platinum 
without amalgamating with it, even when other metals are 
purposely added to the amalgam. This substance is, therefore, 
useful for effectinga quick and thorough cleansing of platinum. 
The amalgam is gently rubbed upon the metal with a cloth and 
then moistened with water, which oxidizes the sodium and 
leaves tl\£ mercury free to alloy with foreign metals. The 
m#rcury i^ then wiped off and the article cleaned and polished 
with sand, as above described. 

i Courtesy Baker & Co., Newark, N. J. 
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• 

If the existence of a base metal gflloyed with the platinum is 
suspected, immerse the article in question first in boiling hydro- 
chloric acid for a few minutes; then, after thoroughly rinsing 
with clean water, in boiling nitric acid free from chlorine. If 
the article is unaffected in weight or appearance, and the acid 
baths fail to give reaction for base metals, the absence of such 
is assured. 

The Preparation of Proof Gold 1 

The purest gold which can be obtained (usually assay 
comets) is dissolved in aqua regia and the excess of nitric 
acid expelled by repeated evaporation with additional hydro- 
chloric acid on a water bath. The final solution is then poured 
in a thin stream into a large beaker full of distilled water, pro- 
ducing a solution of about 1 oz. of gold per pint of water. Stir 
vigorously and leave the solution to settle. At the end of 
about a week the chloride of silver will have subsided to the bot- 
tom. Remove the clear supernatant liquor with a glass siphon 
and dilute to about 1 oz. of gold per gallon of water. If the 
gold originally used was free from platinum, precipitate with 
sulphurous acid; if platinum was present, precipitate with oxalic 
acid. Sulphurous acid acts almost immediately, but if oxalic 
acid is used the solution should be warmed and allowed to 
stand for 3 or 4 days. 

After the precipitated gold has settled the acid solution is 
siphoned off and the gold transferred to a large flask and 
repeatedly shaken with cold distilled water, closing the mouth of 
the flask with a watch-glass. The gold is then washed thor- 
oughly with hot water and turned out into a porcelain basin, 
dried and melted in a clay crucible and poured into an iron 
mould, which should be neither smoked nor oiled, but rubbed 
with powdered graphite jyid then brushed clean with a stiff 
brush. The ingot is cleaned by brushing and heating in hydro- 
chloric acid. It is then dried and rolled out. The rolls must 
be clean and bright and free from grease. The surface of the 
rolled gold plate is then cleaned by scrubbing with fine sand and 
ammonia, and also with hydrochloric acid, and is scraped, with 
a clean knife before being used for proof in the bi'Jiibn assay. 

Another method is given in the Memorandum by the Assayers 
of the Melbourne Mint, in the “Annual Report of the Mint,” 
1913, p. 138. Comets of gold, derived from the metal obtained 
by reduction with sulphurous acid, and containing 0.1 per cent, 
of impurity (chiefly Ag), were treated with cold aqua regia 
(4:1), the solution largely diluted and allowed to stand for a 
week to effect separation of silver chloride. Three successive 
quantities of a dilute solution of silver nitrate ^containing 
Ag 0.5 grain) were then added at intervals of 3 days, the surface 
of the liquid being gently stirred after each addition, and the 
whole was allowed to stand for 14 days. Aqy iridiwn or other 
impurity suspended in the liquid was entangled yi the pre- 
cipitated silver chloride; the clear solution was siphoned off, 

1 T. K. Robb, “Metallurgy of Gold," 5th ed. f p. 488. 
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evaporated to dryness and fgnited in porcelain; the sponge gold 
fused in a clay crucible with potassium bisulphate and nitrate, 
borax added, the melt allowed to cool, the cone of gold treated 
with boiling hydrochloric acid to remove adhering slag, placed 
by hand upon borax-glass contained in a clay crucible within a 
large, covered guard-pot, and melted under conditions preclud- 
ing contamination of the metal by furnace dust. A slow 
current of chlorine was then passed through the molten metal 
for 1 hour, the gas being conducted through a clay tube (^£-in. 
bore) by which the gold was continuously stirred. The charge 
was allowed to cool in the crucible, the cone of gold treated 
with boiling hydrochloric acid and finally rolled (with special 
precautions against contamination) into a fillet which was also 
treated with boiling acid. The original gold weighed 21.5 oz., 
the finished fillet 21.28 oz., and 0.204 oz. was subsequently 
recovered from the slag. 

The Preparation of Proof Silver 

Dissolve commercial fine silver in dilute nitric acid (1:1), 
and allow the liquid to stand until any fine gold has settled. 
Siphon off from the feold, dilute with hot water, precipitate the 
silver with hydrochloric acid, stir well, allow to settle, and wash 
thoroughly by decantation. When the decanted liquid no 
longer shows hydrochloric acid, which can be ascertained by 
testing it with a little silver nitrate, it may be considered clean. 
Allow the silver chloride to settle and decant off the solution. 
Transfer the silver chloride to a porous cup which has been 
soaked in hydrochloric acid and thoroughly washed afterward 
by standing in frequently changed distilled water. A cathode 
of pure silver or platinum is placed in the silver chloride and the 
porous cup immersed in a deeper one, in which a carbon anode 
is placed. Then a curr&it is started, and silver chloride begins 
to reduce at the cathode. The outer liquid will become satu- 
rated with chlorine and should be renewed from time to time. 
The silver may then be melted down and rolled as given above 
under the head of gold. Another method is to use the best 
obtain abllstfne silver melted into the form of a cathode about 
6 or 8 in. long, about 2 in. wide and \\ to in* thick. Wrap 
this in filter paper so that no gold can be detached under 
electrolysis. The electrolyte is about a 4 per cent, solution of 
silver nitrate slightly acidulated, and the cathode is pure silver. 
The current density should be such that the silver is deposited 
in the form of crystals, which should be later removed, melted 
and cast, although these crystals may be used themselves in 
the bullion j>roof. Still another method of preparing fine silver 
due I believe, to A. E. Knorr, is to prepare a solution of silver 
nitrate from the best commercial fine silver obtainable (material 
which is already $99 fine) evaporate to remove the excess of 
nitfie acid,, and to the neutral solution add enough sodium 
carbonate to precipitate about one-tenth of the silver present. 
Boil the precipitate and solution thus produced for some time. 
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The silver carbonate first formed precipitates all other impuri- 
ties. Allow to settle, decant carefully (or filter). 

The remainder of the silver is then precipitated by chemically 
pure sodium carbonate. This precipitate carries down a 
considerable amount of sodium carbonate, but when the 
material is melted down all of the sodium carbonate comes to 
the surface as a slag, and can be dissolved off with hydrochloric 
acid later. The silver carbonate will decompose without the 
addition of any other reagent if heated sufficiently. The bar 
produced in this way should be, as said # above, cleaned with 
hydrochloric acid and then rolled, as given above under the 
head of the preparation of proof gold. 


Assay Fluxes 

Basic. — Sodium carbonate (Na 2 C0 3 ). — Best used in the anhy- 
drous form. 

Sodium Bicarbonate (HNaC0 3 ). — Less convenient than the 
above as it carries much less soda for the same bulk. 

Potassium Carbonate (K 2 COa). — A mixture of sodium and 
potassium carbonates fuses at a much lower temperature than 
does either one alone. 

Litharge (PbO). — -Forms exceedingly fusible silicates. Gives 
metallic lead with reducing agents, C, S, etc. 

Red Lead (Pb 3 0 4 ). — -Same as above, but is more of an oxidizing 
agent. Carries silver into slag unless completely decomposed. 

Lead Peroxide (Pb0 2 ). — -Still more energetic oxidizer. 

Hematite (Fe 2 0.<). — Extremely infusible and must be reduced 
with carbon in presence of silica in order to work as a flux. 

Lime (CaO). — When used with silica and some other base it 
forms fusible slags. 

Sodium Hydrate (NaOft). — Used chiefly to decompose sul- 
phides and sulphates, certain silicates and oxides, ana organic 
compounds. 

Acid. — Borax (Na 2 B 4 07 ). — Should be fused before use to 
render it anhydrous. Has the property of holding almost all 
oxides in suspension. # ^ 

Silica (S 1 O 0 ). — Occasionally used with basic ores to lessen 
corrosion of crucibles. Better to use glass which carries about 
80 per cent. Si0 2 . 

Glass. — -See silica. 

Neutral. — Fluorspar (CaF 2 ). — Is extremely fusible, and 
readily carries phosphates, etc., in suspension. 

Common Salt. — Also very fusible but does not dissolve 
infusible substances readily. Is mainly used as a cover to 
prevent oxidation of the charge underneath. * 

Metallic. — Iron. — Often used in the form of nails to take 
care of sulphur. „ 

Lead. — Used in scorification assay both as a collector of the 
precious metals and, as it oxidizes, to take care of the gangue. 
In the crucible assay it is reduced from some oxide as a collector. 
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Oxidizing. — Niter (KNC^ or NaNOa). — At about red heat 
niter decomposes into potassium nitrite and oxygen, KNOa = 
O + KNO 2 , at a higher temperature the nitrate also decom- 
poses, 2KN0 2 = K 2 0 + 2NO + O. 

Lead Peroxide (see under Basic Fluxes ) . 

Manganese Dioxide . — Must be used with some other base, and 
if any remains undecomposed it appears to carry silver into the 
slag. 

Sodium Peroxide . — Extremely energetic and forms very 
fusible slags. Especially good in decomposing tin ores, and 
sulphides, antimonites, etc. 

• 

Approximate Reducing Effect of Various Reducing Agents 1 

Quantity of lead in grama 
reduced from litharge 2 * * * * 7 by 


Reducing agent 1 gram of reagent 

Wood charcoal 22-30 

Powdered hard coal 25 

Powdered soft coal 22 

Powdered coke 24 

Argol (crude tartar) c .... 5-9.5 

Cream of tartar 45-6.5 

Wheat flour 10 0-12.0 

Starch 11.5-13.0 

Sugar 12.0-14.5 

Potassium cyanide 6 

Antimonite 6 

Blende 7-8 

Copper pyrites 7-8 

Fanlerz 7-8 

Galena 3 

Iron pyrites *• 11 

Mispickel 7-8 


1 E. A. Smith’s, “Sampling and Assay of the Precious Metals.” 

a For amount of lead reduced from red lead multiply the factors given 

by 0.55. 


V** In Assay Ton Charges 

6 per cent. FeS reduces a 15-gram button. 

8 per cent. ZnS reduces a 15-gram button. 

7 per cent. CuFeS 2 reduces a 15-gram button. 

13 per cent. Cu 2 S reduces a 15-gram button. 

20 per cent. PbS reduces a 15-gram button. 


r Oxidizing Agents (Wet) 

Ammonium Nitrate. — Readily decomposes on heating. 
Bichromates. — Usually used as the potassium salt. 

Bromine. — Usually used as liquid. 

Chlorine*. — Generated from bleaching powder and sulphuric 
acid. 
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Chromates. — Usually used as the^potassium salt. 

Chlorates. — The sodium or potassium salt is used both in 
fusion and solution. 

Hydrogen Peroxide. — A powerful oxidizer both in alkaline 
and acid solution. 

Nitrates. — The sodium, potassium and ammonium salts are 
used. 

Nitric Acid. — An extremely powerful reagent. The fuming 
acid is still more so and should be kept in a cool, dark place and 
handled carefully. 

Permanganate. — The alkali-metal permanganates are ener- 
getic oxidizers both in acid and alkaline solution. 

Peroxides (See also Hydrogen Peroxide). — Sodium and potas- 
sium peroxide are energetic agents in alkaline solution. The 
barium, manganese, lead and sodium peroxides are often used 
advantageously in fusion. 


Reducing Agents 

The chief reduction agents in fusions have been spoken of on 
p. 390. In solution we may use : 

Alkaline. — Sodium amalgam, zinc dust, sodium sulphite, 
sugar, arsenious acid, sodium stannite. 

Acid. — Zinc, iron, tin, aluminum, lead, stannous chloride, 
sulphur dioxide, sulphuretted hydrogen, hypophosphorous acid, 
oxalic acid, ferrous sulphate. 


Niter Required to Oxidize 1 Part of Metallic Sulphide 


Sulphide 

Iron pyrites 

Mispickel, copper pyrites, iahlerz, blende 

Antimonitc 

Galena 


Parts niter to 1 of 
sulphide 

2 — 23^2 

m-2 


Stock Flukes 



Sulphide 
i ores 

Tellurides j 

* 

Blende 

g. - - 

Tin ores 

I 

II 

Litharge 


10 

30 


60 

Niter 








7 



Sodium carb . 

3 

3 

0 

20 1 

40 

Borax glass. . . 

m 

6 

5H 

15 > 

10 

Sand 

in 



5 9 


Charcoal . . 

0.11 



1.5 

Flour 



l“ 



Cover 

Salt 

Litharge 

Litharge 

^ Borax J 
* 

Soda 

Amount for 





* 

a.t. oharge. . . . 

8 a.t. 

150 grams 

75 grams 

75 gramrf* 

125 grams 



Table of Crucible Charges 1 
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Cupel Absorption 

A safe table for cupel absorption of lead buttons* is given in 
Ernest A. Smith’s “Sampling and Assay of the Precious 
Metals/’ if there is no great departure from a ratio of height to 
diameter of 3:4. 

Diameter of cupel, in Y\ % 1 1 H 1H 1 % l x ,i 

Absorption in grams 3 5 8 10 16 20 28 40 

As to the cupel absorption of silver and gold, it seems unsafe 
to give any tables, as this varies with the nature of the material 
cupeled, the temperature, whether induced draft is used or 
not, and many other factors. • It seems fairly safe to say that a 
small silver button will lose about 2 per cent., that at 100 mg. 
the loss will be about 1.5 per cent, and less for larger buttons, 
and that the gold loss will probably not run over 0.5 per cent., 
but these figures must be taken as approximations only. It 
must also be remembered that not all of the button remaining 
in the cupel is gold and silver. I have usually found about 0.3 
per cent, of Pb and Bi as impurity in the silver button; with 
cement cupels I have found as much as 0.8 per cent. Pb and Bi. 
The factor is usually neglected in working on comparative tests 
on different cupels, although both Dewey anft I have repeatedly 
pointed it out. 

W. J. Sharwood states {Trans. A. I. M. E ., 1915, page 1484) 
that “when a given amount of silver (or of gold) is cupeled 
with a given amount of lead, under a fixed set of conditions as 
to temperature, etc., the apparent loss of weight sustained by 
the precious metal is directly proportional to the surface of the 
button of fine metal remaining.” From this he deduces that 
“the loss of weight varies as the power of the weight, or as 
the square of the diameter of the button. The percentage loss 
varies inversely as the diameter of the button, or inversely as 
the cube root of the weight.” This meails that, if we run proof 
assays of any weight whatever, we can deduce the loss of a 
button of any other weight. 


Lead Retained in the Cupellation of Platinum Al^ys 1 


, Composition of alloy 

Lead 

retained, 

mg. 

: i/ 

Character of button 

Pt, mg. 

Ag, mg 

Au, mg. 

100 

100 

25 



37.5 

31.0 

Hard silvery. 

Hard silvery. 

100 

50 


26.2 

Dull gray. 

100 



25.0 

Dull gray. a | » 

100 

STjTfl 

48.0 

24.0 

Dull gray. -9 a g 

100 


48.0 

22.0 

Smooth silvery. g 

100 



mumm 

Smooth silvery. § °'^ 

Slightly crystallized. 

Smooth and sflvery. So » 

100 

310 


10.0 

100 

427 


5.0 

100 

mvim 

19.4 

2.0 

Smooth and silvery. 


1 W. J. Sharwood, Journ. Soc. Chem. Ind,., Apr. 30, 1904, p. 413. 
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Parting of Gold-Silver Alloys in Nitric Acid 1 (after 
H. Carmichael 2 ) 


Weight of metals used, 
milligrams 


Ratio of metals 


Pt 


Pt 


Ag 


Weight-of 
cornet, • 
Au + Pt 


Weight of " 
Pt in 
cornet* 


20 

15 

10 

10 

10 

14 

14 

7 

5 


100 


100 

1 3 



100 

9 

200 


200 

, KilM 

300 

900 

100 

400 

100 

»nml 


5 

15 

6.6 

26.6 

10 . 

30 

10 

50 

20 

60 

14.3 

57.1 

21.4 

64.3 

14.3 

57.1 




102.7 
/ 101.2 
\ 100.2 
/ 100.8 
\ 100.4 
100.2 
100.0 
200.3 
300 
100.2 
100 


2.7 

1.2 

0.2 

0.8 

0.4 

0.2 

0.0 

0.3 

0.0 

0.2 

0.0 


1 The first acid was of 1.16 sp. gr., the second of 1.26. 

* Taken from Smith's "Sampling and Assay of the Precious Metals 

as were also the next two tables. . 

• The author seems to assume a 100 per cent, gold recovery. T ms is 
by no means a sure matter, and all the errors of work are thrown on the 
results for platinum, which are therefore open to suspicion. 


Solubility of Platinum-Silver Alloys in Nitric Acid 


Composition 

of alloy 

Parted in HNO. of 

1 10 sp. gr. 

Parted in 
1.40 i 

HNO * of 
BP- gr. 

Pt, per cent. 

Ag, per 
cent 

« 

Platinifer- 
oub resi- 
due, 1 per 
oent. 

Pt dis- 
solved,* 
per cent. 

Platinifer- 
ous resi- 
due, 1 per 
oent. 

Pt dis- 
solved,* 
per cent. 

0.5 

99.5 

0.42 

0 08 

0 22 

0.28 

1.0 

99.0 

0.85 

0.15 

0 42 

0.58 

*.°.0 

98.0 

1.74 

0 26 

1.09 

0.91 

3 JEN . 

97.0 

2.19. 

0.81 

1.81 

1.19 

4.0 

96 0 

2.98 

1.02 

2.42 

1.58 

5.0 

95 0 

3.56 

1.44 

2.62 

2.38 

10.0 

90.0 



4.53 

5.47 

13.0 

87 0 

3.33 

9.67 

5.79 

7.21 

14.0 

86 0 

4.26 

9.74 

4.97 

9.03 

15.0 

85.0 

4.32 

10.68 

7.93 

7.07 

16.0 

84-. 0 

4.55 

11.45 

11.54 

4.46 

18.0 # 

82.0 

4.53 

13.46 

11 .65 

6.35 

20.0 

80.0 



13.94 

6.00 

25.0 

75.0 

16.62 

8 38 

20.66 

4.34 

30.0 ‘s 

XO.O 



29.29 

0.71 

* 31.5 . 

68.5 

33.58 

2 




1 Contains Pt and Ag. 

* Apparently these figures were arrived at by difference and they are • 
probably unreliable for large weights of residue. See the table following. 








SAMPLING, ASSAYING AND ANALYSIS 395 


Solubility op Platinum-Silver Allots in Nitric Acid of 
1.10 Sp. Gr. (Thompson and Miller’s Table) 1 • 


Composition of alloy 

Total 
residue, 
per oent. 

Silver in 
residue, 
per cent. 

Platinum 
in residue, 
per oent. 

Platinum 
dissolved, 
per oent.i 

Pt, per cent. 

Ar, per 
cent. 

10.39 

89.61 

3.86 

0.27 

3.59 

6.80 

20.59 

79.41 

8.58 

1.81 

6.77 

13.82 

31.46 

68.54 

36.59 

12.09 

* 24.50 

6.96 

37.89 

62.11 

49.13 

13.64 

35.49 

2.40 

57.05 

42.95 

65.16 

12.19 

52.79 

4.08 


1 The solubility of these platinum-silver alloys seems to depend upon the 
strength of acid used, how the alloy has been annealed, and the amount of 
gold present, if any. 


Highly Refractory Crucibles 

According to Deville a particularly refractory crucible can 
be made by heating alumina and strongly ignited marble in 
equal proportions to the highest temperature of the wind 
furnace, and then using eciual proportions of the substance thus 
obtained with powdered ignited alumina and gelatinous 
alumina. 

Lime crucibles are made by taking a piece of well-burned 
slightly hydrated lime, cutting it by means of a saw into a rec- 
tangular prism 3 or 4 in. on the side and 5 or 6 in. high. The 
edges are rounded off, and a hole is bored in the center. 1 2 

To produce thin-walled products from refractory oxides, 
according to E. Podszur, ( Chem . Abs., Apr. 20, 1918, p. 857) 
oxides of the rare earths or Al, Si, Mg, Th, Zr, and the like, are 
employed, without the use of clay. Trie material is brought 
into the state of a freely flowing slurry, consisting of the required 
amount of liquid, an amount of binder sufficient to give strength 
when dry, and an extremely finely divided powder of about 
0.005 mm. diameter. This mass is applied in one^jr^fRore 
layers, by dipping, coating, pouring, spraying, sprinkling, or 
the like, over a refractory non-porous form which has been 
coated with a filler, so that the product can be removed without 
injury from the form. Gelatin, tragacanth, albumin, shellac, 
varnish, collodion, and the like may be employed for this 
purpose. To obtain pure products, slowly decomposing salts 
of the materials used (e.g, f Th(N0 3 )4 for the production of 
Th0 2 ) may be employed. Tubes and the like with walls 
0.1 mm. thick can fee made in this manner accordiAg to this 
authority. 

Magnesia Crucibles. — George Weintraub* of the General 
Electric Company, of Schenectady, N. Y., ftiakes refractory 

1 Skxton, "Fuel and Refractory Materials.” 

2 Metallurgical and Chemical Engineering, Vol. 10, p. 308. 
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articles of magnesia, alumina, thoria, etc., without the use of a 
binder. The magnesium oxide is first heated in an electric 
furnace to a high temperature in order to let it assume a stable 
condition. This firing causes the magnesia to cake together so 
that regrinding is necessary. It is ground to the fineness of 
flour in a tube mill. A mould is then made for the article to be 
produced, say, a crucible. This mould is made of carbon or 
graphite and a layer of the powdered magnesia is placed on the 
bottom. A carbon or graphite plug is now placed centrally in 
the crucible upon this magnesia layer. It is surrounded by a 
layer of paper which permits the magnesia to shrink when 
heated. When moulding a crucible of 2^ in. inside diameter, a 
paper of from H6 to % in. thickness is suitable. The space 
between the walls of the mould and the paper-covered core 
is then filled with magnesia powder and packed to a certain 
degree by shaking and bumping. The mould is now placed 
in an electric furnace and heated to about 1500°C. When 
finished and the mould is cooled, the walls of the magnesia 
crucible contract upon the layer of loose paper carbon, so 
that cracking is avoided. The finished crucibles are smooth, 
homogeneous and strong and may be safely handled and may 
even be worked On the lathe. Tubes may be made in the 
same way. 1 

Zirconia Crucibles. 2 — In the production of refractory articles, 
such as crucibles, zirconia is fused in an arc furnace at 50 amps., 
220 volts, and afterwards ground in a ball mill. The powder is 
then molded or pressed into the required shape with or without 
an organic bond (as starch), for by grinding a portion to 200 
mesh it becomes colloidal in the presence of water, and in that 
slate can be used as a plastic cement for binding the bulk. 
After gradually drying, the articles are burned at 2300 to 
2400°C., till contraction ceases, ip a cylindrical oven of the 
injector type, the fuel being either gas, petroleum, or acetylene 
supplied with a blast of air and finally with one of oxygen. 
The crucibles should give a clear ring when tapped, and have 
as fine a texture as porcelain. Fused zirconia has a high 
thermal endurance, is not affected when heated to redness and 
plungeB^into cold water, its coefficient of expansion being 
extremely low — 0.00000084. Its resistance to crushing strains 
is many times greater than that of quartz glass. Its hardness 
is between that of corundum and quartz* its porosity below 1 
per cent. The melting-point is 2950°C., but 0.5 per cent, 
impurity reduces that by 100°C. In a crucible of fused zir- 
conia, platinum (m.p. about 1753°C.) can be melted to a mobile 
liquid. It is also claimed that crucibles made from ZrOa 
mixed preferably with 1 per cent, starch and 3 per cent, 
magnesia^ and fired first at 1450°C. and then at 2200°C. in a 
vacuum electric furnace, have been successfully used in deter- 
mining the boihpg point of pure iron and for forming tungsten 
alloys. 

1 U. S. Patent, 1,022,011, April 2, 1912 

3 Mineral Foot-Notes, July and August, 1918. See also page 555. 
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Crucibles from Tungsten Powder 1 

With the advance of high-frequency heating, now popular 
in high-tcmperature research, there has been need of a crucible 
or container with a fairly good electrical conductivity, and a 
high melting point, but containing no free carbon — which would 
react with the melt — i.e ., a suitable substitute for graphite. 
The author, haying been working for some time with a high- 
frequency melting equipment, the capacity of which was 
limited, found some difficulties in obtaining uniform melts of 
iron alloys, due to the bridging over of a part of the melt at the 
top of the crucible. This is entirely overcome by the methods 
to be described. 

Ordinary commercial tungsten powder of good quality 
(98.5 to 99.0 per cent, metallic tungsten, chief impurity being 
tungstic oxide), ground to 80 to 90 mesh, is used as raw material. 
A suitable quantity is placed in a flat porcelain mortar and 
sprinkled with a small quantity of lukewarm 
water and well mixed; after this, about 10 to 12 
per cent, of a warm solution of 25 per cent, glu- 
cose in water is gradually added, wnile the mg&s 
is vigorously kneaded until it feels plastic and 
can be pressed into balls. 

It is essential that each particle of tungsten 
powder be well coated with a film of glucose solu- 
tion, as otherwise the finished article will show 
cracks. For this reason it is better to add a 
slight surplus of glucose, and stamp the mass 
(after being well kneaded) in a tubular mold and 
extrude, after which it is slightly heated (to about 
60 to 80°C.) for a few minutes on an iron plate. 

Other binding substances wcjre also tried, such 
as starch, gum tragacanth and dextrin, bift glu- 
cose was found to work best. 

After this preparation, which makes the mass 
more plastic, this now semi-plastic mass is 
placed in a mold, which, for crucibles, is shaped 
as shown in Fig. 1, in which a is a cylinder of 
cast iron or steel, b a pestle slightly cone-shaped, c a counter- 
pestle. The mold should be slightly greased with oil, glycerine 
or fish glue. The mold is placed with pestle b downwards on 
the table, the mass tamped in, filling the space e, preferably with 
a piece of iron pipe. Between the mass and the pestle c a tight- 
fitting steel plate d is placed, preferably also a disk of thin paper 
which is necessary as the removal of the crucible from pestle 
c is difficult and may spoil the appearance. The mold « placed 
in a press, giving about 25 to 50 kg. per sq. cm. Hammering 
with a large hammer is sufficient, if no press is available. 

It is not advisable to place the mass in a limp on* top of # 
pestle c and try to force down the pestle b since the mass is too 
gritty to yield. Pestle b is now withdrawn by turning and the 

. 8 J. Harden, Chem. and Met. Eng., September, 1926. 
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crucible pushed out and set on a plate to dry. The plate is 
gradually heated to about 350 to 400°C. 

In this condition, the material is comparatively hard and 
may be handled safely. If heated to about 600°C. in a non- 
oxidizing atmosphere and cooled, it may be drilled, filed, and 
turned in the lathe, even screws may be cut if some care is 
taken, although it is still brittle. 

The molded article is now placed in a carbon-tube furnace 
and fired to at least 1600°C., when it becomes hard and durable. 
The hardness is varying — 'the grains being very hard — so that 
the edge will easily scratch glass. 

The formation of tungsten carbide is dependent on the time 
of heating, as will be shown, as well as on the temperature. 
According to some investigations by A. Westgren and others, 
Mennicke ( Die MetaUurgie des Wolframs , 1911, p. 261, Berlin), 
the lower carbide containing about 3.1 per cent, carbon is 
quickly formed by heating to about 1500°C., while the higher 
carbide, containing about 6 per cent. C, forms by prolonged 
heating. 

The articles show a grey metallic color; when ground on an 
emery wheel, the surface shows a bright metallic luster inter- 
mingled with darker spots. The shrinkage from unfired to 
fired state varies somewhat with the pressure applied, but shows 
an average of 1.6 per cent. When heated for 20 min. at 
1650°C., the average specific gravity was found to be 12.82; 
when heated for 2.5 hr. at 1600 to 1800°C., the specific gravity 
was in average 12.21, which indicates the formation of the 
higher carbide. The specimens were coated with a thin film 
of solid paraffin before immersion in water for specific gravity 
test. 

If the theoretical specific gravity of the carbide WC is given 
as 15.7 and W 2 C as 16.06 or a mean value of 15.38 for both, the 
apparent density of the material described would amount to 
83.3 and 79.4 per cent., respectively, dependent on the time and 
degree of heating. See Williams, Cornet, rend., 1898, Vol. 126 
p. ^722, also H. Mennicke, loc. tit., p. 261. 


Analyses of Graphite Crucibles 1 



1 

2 

. 

3 

4 

5 

0 

7 

8 

SiOt 

AltOa 

FeilJi 

Ca, Mg'Ofc — 
Graphite .... 
Water 

4 

* 

25.0k 

11.26 

0.48 

tr 

58 24 
2.77 

98. *6 

27.22 
. / 7 . 03 \ 
(0.51/ 
tr 

62.54 

2.42 

33.44 

15.70 

34.03 

12.95 

32.67 
/ 11.52\ 

( 2.79/ 

37.09 

14.58 

31.40 
/ 19.57 \ 

1 1-78/ 
1.10 
42.08 
1.20 

31.31 

17.30 

48.15 

0.77 

50.18 

1.63 

48.68 

1.50 

44.40 

2.92 

47.40 

8.42 

99.72 

98.06 

98.79 

97. 16 


97.13 

99.43 


1 Kebl, "Handbuch der gesammten Thonwaaren Industrie.'* 

1, 2, Hebbb; 3, Rhenish; 4, Dusseldorf; 5, German crucible after 18 
beats; 6, London (Morgan); 7, English; 8, American. 
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Sampling* 

Weights to be Taken in Sampling Ore 1 
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Smallest Permissible Weight for Samples of a Given 
Size 1 


Size, inches 
cube or mesh 

Weight of 
sample, lb. 

Ratio of weight of 
largest cube to 
weight of sample 

Effeot on value 
created by one 
cube assaying 
9100,000 per ton, 
of Bp. gr. 5 

2 

. 10,000 


■M9| 

iH 

5,000 



l 

2,000 



H 

1,000 


7.50 

X 

400 


5.02 

% 

300 


3.17 

H 

200 

1: 71,000 


He 

100 



X 

75 

1: 220,000 

0.44 

6 mesh 

50 

1: 430,000 

0.23 

10 mesh 

25 

1: 930,000 

wsmsmsimm 

18 mesh 


1:1,900,000 


30 mesh 

4 

1:4,200,000 


50 mesh 

1 

1:5,500,000 

0 018 


1 R. II Richards, “Ore Dressing,” Vol. III. 


Scheme for Sampling Rich Odes with Vezin Samplers 1 


A l 



Inches 

Sample, 
per cent. 

Lb. in 100 
tons 

Maxftjfcjn size of cubes. 

1.00 

20.0000 

40,000 

Maximum size of cubes. 

0.25 

1.25 

2,500 

8 mesh 

0.0625 

0.0785 

157 

30 mesh 

0.0171 

0.005 

10 


i R, II, Richards, “Ore Dressing," Vol. III. 
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Coal Samplkig 1 2 


Size of Slate Contained in Coal, and Size of Original 
Sample Required to Insure the Error of Sampling 
Being Less Than 1 Per Cent. 


Size of slate, inches 

Weight of largest piece 
of slate, lb. 

Original sample should 
weigh, lb. 

4 



3 



2 


H flAlimv.:-': 

IX 

0.38 

1,900 

l X 

0.24 

1,200 

i 

0.12 

600 

X 

0.046 

230 

X 

0.018 

90 


Size to Which Slate and Coal Should Be Broken before 
Quartering Samples of Various Weights 


Weight of sam- 
ple to be 
divided, lb. 

Should be broken 
to, incheB 

Weight of sample | 
to be 

divided, lb. 

Should be broken 
to, inches 

7500 

2 

40 

2 mesh 

3800 

IX 

6 

4 mesh 

1200 

1 

X 

8 mesh 

460 

180 

H 

X 

• 

H 

10 mesh 


T 


Coke Samplings 

A point that is of utmost importance in the samplinp^Woke 
for blast-furnace use is the ash determination, since e\^ry pound 
of ash in a ton of coke means more expensive fluxing, increased 
cost of smelting, useless cinder and less furnace capacity avail- 
able for the production of metal. For this reason differences of 
opinion as to the ash content of coke for blast-furnace use often 
cause bitter controversies. 

In an investigation of this subject several years ago, I was 
surprised to find how much of the apparent ash content of coke 
was due to foreign material introduced in the process of grinding 
the sample. For instance, the analysis of a sample reported as 
containing 17 per cent, of ash showed that one-seventeenth of 
this ash, or 1 per cent, of the weight of the Sample was ircyi 

1 Joum. Ind . and Eng. Chem ., p. 161, 1909. 

2 Excerpts from an original article in Coal Age % July 24, 1915. 
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abraded from a Braun pulverizer, while the ordinary cast-iron 
bucking-board and muller much used in grinding samples to be 
tested introduces iron into the sample to the extent of from 
to 3 Der cent. 

Whether the grinding be done by machinery or by hand, this 
introduction of foreign matter in grinding can be cut down 
greatly by the use of manganese- or chrome-steel grinding 
plates. 

It is impossible to determine the amount of this contamina- 
tion With a magnet, for the reason that too much coke dust will 
adhere to the iron filings. It is necessary to treat the sample 
with a neutral copper-sulphate solution, agitate thoroughly, 
filter and wash the residue with hot water until entirely free 
from soluble copper salts. This residue is now dried and ignited 
and the ash tested for copper or the coke treated directly with 
nitric acid to dissolve the copper. The weight of copper pre- 
cipitated by the iron in this process is then calculated from the 
ratio of their respective atomic weights. 

This method will not answer for the determination of any 
foreign material introduced by pebble mills, but is very effectual 
where the grinding surfaces are of iron. It may be objected 
that the original ash of the coke may have contained some iron 
which has been reduced to the metallic state by the red-hot 
carbon of the coke during the coking process. In answer to this 
argument, any iron in the coke is probably present as ferrous 
oxide and combined with silica to form ferrous silicate (FeSiOs). 
But in any event the objection is not valid, because if the coke 
sample is crushed in a silica-pebble mill or in an agate mortar, 
the iron in the coke does not react with neutral copper-sulphate 
solution. 


Limit Beyond Which Samples Should Not Be Divided 
When Crushed to Different- Sizes in Laboratory 


Size of coal mesh 

Should not be divided to less than, 
grams 

2 



4 



8 

10 

20 

120 

55 

3 J 

Should be pulverized 
to at least 60 meBh. 


METALLOGRAPHY’ 

t, ■ 

Metallography deals with the physical state and the proxi- 
mate constituents of a metal or an alloy. It has to do with the 
physical grouping, distribution of constituents, and relative 
dimensions of the substances as revealed by microscopic exami- 


1 Courtesy , The Engineering Foundation. 








SAMPLING, ASSAYING AND ANALYSIS 403 


nation. It may be characterized As a study of the anatomy 
of metals. 

Steel is an alloy the essential constituents of which are iron 
and carbon, <the latter being the controlling element. Carbon 
exists in steel as a carbide of iron, FeaC, to which the name 
cementite is applied. The free iron, or ferrite , together with 
the cementite, has the power of forming a conglomerate called 
pearlite , a very intimate mechanical mixture composed of about 
7 parts of ferrite to 1 part of cementite. If molten iron be 
cooled, there is formed first a solution of carbon in molten iron, 
then as the metal solidifies the carbon exists as cementite 
in solid solution in the iron.. This solid solution is called auste- 
nite , and it crystallizes into imperfect crystals or grains. With 
further cooling the steel passes through a critical , or transforma- 
tion, range of temperature (extreme range about 1650 to 
1250°F.), and the two constituents of the metal pass suc- 
cessively through several transition stages, namely: martensite . 
in which long needle-like crystals are formed, giving a very hard 
and brittle substance; troostitc, in which dark colored masses 
resembling sorbite (see below) are surrounded by a groundwork 
of martensite, the troostitic state yielding a substance hard but 
tougher than the martensitic; sorbite, in Which cementite and 
ferrite are in a state resembling an emulsion, yielding a sub- 
stance fairly hard and very tough ; and pearlite, m which ferrite 
and cementite exist, usually in stratified layers or bands. 
If the steel has a carbon content of about 0.90 per cent., all 
the grains will be pearlite; if the carbon content is lower than 
0.90 per cent., there will be grains of pearlite and grains of 
ferrite; if the carbon content is greater than about 0.90 per 
cent., there will be grains of pearlite and grains of cementite. 

The presence of carbon or of other alloying elements retards 
the process of transition.^ By varying the rate of quenching 
steel the transition process may in general be halted at any 
desired stage, and the resulting cooled steel may be given any 
desired characteristic structure. 

Heat treatment of steel is the proper control of heating and 
cooling so as to produce the desired structure (pearlitic .s^jbi tic, 
etc.) and includes: , 

Annealing is a very slow cooling from above the critical 
range, which gives a large-grained, soft, pearlitic structure. 

Normalizing. — Cooling from above the critical range in 
still air, giving a fine-grained pearlitic structure. 

Oil Quenching. — Cooling from above the critical range by 
cooling in oil at room temperature, yielding steels of sorbitic or 
troostitic structure, depending on the carbon content. (Certain 
alloy steels yield a martensitic or even an austenitic structure 
with oil quenching.) 

Water Quenching. — Cooling from above the critical range 
in water of room temperature. 

Drawing. — Which consists in reheating quenched steel tv> a 
temperature slightly below the critical range and then cooling. 
This process tends to bring martensitic, troostitic, or sorbitic 
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steel towards the pearlitic State, and, by varying the tempera- 
ture of drawing, it is possible to control the state of the steel 
with a good degree of precision. 

Other liquids are sometimes used for quenching steel; such 
as molten lead, molten barium chloride, ice water, and brine. 

Alloying elements, including carbon, retard the transition 
so that high-carbon steels and alloy steels are more susceptible 
to heat treatment than are low-carbon steels. 


location of Test-Pieces 

The location of the test-piece for microscopic examination 
is of prime importance. In the case of a casting of steel or 
cast iron, the section ought to be cut perpendicular to the sur- 
face so as to show the variation of structure from the outside 
to the interior. In the case of forged and rolled metal both 
cross and longitudinal sections should be examined, their loca- 
tion being determined by the nature of the forging, etc. For 
crankshafts definite locations are given with reference to the 
tensile test specimens. For guns, tangential specimens are 
required and for microstructure these should be cut parallel 
to the axis, etc. No one specimen is of necessity representative. 
The usual method of taking a cross-section from rods and bars, 
while showing segregation of the constituents, fails to reveal 
the usual lamination, for which a longitudinal section is 
necessary. 

In defective material, the sample should be cut adjacent to 
the fracture or defect. When necessary the fracture can be 
protected during grinding and polishing by coating it with a 
heavy deposit of electrolytic copper, molten lead-tin solder or 
a mixture of litharge and glycerine. For hardened steel and 
other material likely to be tempemi, fusible metals such as 
Rose’s or Wood’s alloysTmay be used. 

Method of Polishing 

The ifl^ihod used for polishing specimens will depend pri- 
marily on the material to be examined and on the polishing 
equipment. In general, samples should not be over 1-in. 
square and their thickness should be less than the smallest 
dimension of the polished surface; otherwise there is a tendency 
to round off the edges. 

The softer material can be cut with a saw, while harder 
metal may be cut with an emery disk or broken off with a 
hammer. A flat surface is at first obtained either by rubbing 
on a file held in a vise or by grinding on an emery wheel. In 
both cases it is nepessary to avoid tearing the surface of the 
metal or causing ^ 1° flow. Perfectly smooth surfaces can be 
obtained by commercial surface-grinding machines. 

Having obtained a flat surface in this way, the sample is 
next rubbed down on a series of emery papers, usually starting 
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with No. 00 Commercial followed *by Nos. 0 and 00 French 
Emery. (Of course, other similar papers of domestic manu- 
facture are also available and suitable for this purpose.) These 
papers may • conveniently be mounted on revolving disks. 
Rubbing on one paper is stopped as soon as the scratches from 
the last operation have been taken out. From the No. 00 
French Emery the specimen may be taken to a revolving disk 
covered with broadcloth, preferably running in a horizontal 
position at such a speed that the polishing powders are not 
unnecessarily thrown off. For ordinary work, two g such 
disks will be sufficient, the first armed with well-washed car- 
borundum, 65 or a similar* grade, while the second may bie 
armed with well- washed alumina. This is cleaner and better 
than rouge. 

To obtain a fine polish it is a mistake to try to save time by 
hurrying through the papers because if this is done when the 
specimen is etched innumerable fine lines will be revealed in 
the ferrite. In some cases the appearance of the ferrite is 
actually blurred because the metal distorted in the grinding 
and by the coarse grades of emery has not been subsequently 
removed. Under no conditions should^ buffing be tried, 
because this causes an actual flow of the metal. 

For material of small size, such as sheet and wire, numerous 
methods of mounting have been devised. For wire, various 
mounting media such as wax, a mixture of litharge and glyc- 
erine, fusible metals and the like can be used in a small brass 
container. For sheet metal, a pack can be built up of pieces 
of the sample with alternate layers of red fiber board, bake life 
or other resistant material, the whole held together by two 
brass end pieces and two screws. 

ETCHING REAGENTS AND THE\R APPLICATION 1 
Etching Reagents for Iron and Steel 

Copper-Ammonium Chloride. — Usually consists of a 10 per 
cent, solution of the salt in water, and is suitable for 
iron and mild steel. The specimen is immersed in thtf solution 
for about 1 minute, then washed, and the copper deposit which 
is readily detached, wiped off under running water. This 
reagent is used for deep etching effects, and also to darken parts 
rich in phosphorus. 

Copper Chloride. — Dilute acidulated copper chloride in 
alcohol is used by Stead to detect phosphorus in steels. The 
reagent is made up as follows: 


Copper chloride 10 grains. 

Magnesium chloride 80 grams. 

Hydrochloric acid ^ . 20 ctj. 


The salts are dissolved in the least possible quantity of watelr, 
and the solution made up to 1000 cc. with alcohol. The purer 
1 O. F. Hudson, "Iron and Steel Institute," March, 1915. 
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portions of the steel becofne coated with copper before the 
phosphoric portions. 

Hydrochloric Acid. — A dilute solution (X per cent.) in ethyl 
alcohol is generally used. Hoyt writes that a solution of 1 
cc. hydrochloric acid (sp. gr. 1.19) in 100 cc. absolute alcohol 
'Ms recommended for all the iron-carbon alloys whether in 
a hardened or annealed state," while the action can be acceler- 
ated {for special steels) by the addition of a few cubic centi- 
meters of a 5 per cent, solution of picric acid in alcohol. 

Iodine. — The ordiciary tincture should be used. A simple 

* soluti&a in absolute alcohol is not so suitable. The specimen 
may be immersed in the solution, os a drop or two placed on the 
surface to be etched, and allowed to remain until decolorized. 

Nitric Acid. — Until the introduction of picric acid, a dilute 
solution of nitric acid was the principal etching agent for iron 
and steel, and it is still often used. Solutions (up to about 5 per 
cent.) in water, or, preferably, alcohol, are generally used. 

* When alcohol is the solvent, absolute alcohol should be used for 
washing the specimen, and not water. Lantsberry (c), who 
always uses nitric acid for steels, points out that the success of 
the method depends on thoroughly washing the specimen with 
alcohol and drying at once, and that the surface should never 
be moistened with water. 

Sauveur ( c ) writes that for all grades of steel, wrought iron, 
and pig iron, regardless of treatment, he uses solutions of con- 
centrated nitric acid in absolute alcohol, in proportions varying 
between 1 and 10 per cent, of acid, according to requirements. 
He prefers it to picric acid. The samples are washed in 
absolute alcohol and dried by means of an air-blast. For 
manganese steel he uses 10 per cent, nitric acid in absolute 
alcohol, leaving the specimen in the bath until it is covered 
with a black deposit. It is then washed in alcohol, without any 
attempt at removing the deposit by rubbing. 

Howe (c) uses a solution of 2 per cent, of concentrated nitric, 
acid in water for hardened steels, manganese steels, etc., and 
also occasionally to develop grain boundaries quickly in low- 
c&rbjT^vP la terial, although he notes that it roughens up the 
ferrite mfech more than picric acid. He recommends a pre- 
liminary treatment for the removal of grease, using “alcohol, 
hydrochloric acid in alcohol, or, best, picric acid in alcohol.” 

A 4 per cent, solution of nitric acid in iso-amyl alcohol (as 
suggested by Kourbatoff) is also used, and gives a slow and 
delicate etching. 

Picric Acid. — This reagent, introduced by Ischewsky, is the 
one most commonly used, generally as a saturated or nearly 
saturated solution m alcohol. The specimen is immersed for 
times varying with the kind of steel and the effect desired, from 
a few seconds for light etching of ordinary rolled or annealed 
steels and cast irens, to several minutes for hardened steels and 
Wrought irons. Picric acid is sometimes used in conjunction 
with nitric acid. Thus Desch (c) recommends for all ordinary 
(unhardened) steels alcoholic picric acid to which a few drops of 
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nitric acid have been added. A solution of picric acid in amyl 
alcohol is also used for a slow etching. L. Archbutt (c) also 
finds it “an advantage to add a small quantity of nitric acid, 
which gives greater certainty of etching, especially in cold 
weather.” The solution he uses contains 80 vols. of picric acid 
in alcohol and 20 vols. of 2 per cent, nitric acid in alcohol. 

Rosenhain’s and Haughton's Reagent consists of: 

Ferric chloride 30 grams 

Hydrochloric acid (cone.) » 100 cc. 

Cupric chloride 10 grams * 

Stannous chloride. . . - 0.5 grams 

Water 1000 cc. 

It is used for determination of the distribution of phosphorus 

in steel, the purer portions of the steel being stainedf by deposi- 
tion of copper, leaving the phosphorus-rich portions white. 

Of the numerous other reagents some are used for special 
purposes, such as sodium picrate, for the detection of cementite; 
while others are more or less complicated solutions, such as 
Kourbatoff’s reagent. 


Kourbatoff’s Solutions for Hardened Steel 1 

Solution A. — 4 cc. HN0 3 in 96 cc. amyl alcohol, acting 5 
min., will color troosto-sorbite brown, austenite yellow, marten- 
site white. 

Solution B differentiates the various constituents. It con- 
sists of 1 volume of saturated solution of ortho-nitrophenol in 
alcohol, and 2 volumes of 20 per cent. HC1 in amyl alcohol. 

Solution C. — Mix just before using a solution of 4 per cent. 
HNO» in acetic anhydride with three iimes the volume of a 
mixture of equal parts of amyl, ethyl, and methyl alcohols. 
It colors troostitc and troosto-sorbite. 

Solution D. — 1 volume of 4 per cent. HNOa in ethyl alcohol 
plus 3 volumes saturated solution of nitrophenol iji^Uhyl 
alcohol; immersion of 10 min. colors troosto-sorbite an<& marten- 
site needles. 

Solution E for Troostite. — 2 parts methyl alcohol, 2 parts 
ethyl alcohol, 2 parts amyl alcohol, 1 part butyl alcohol, 3 
parts of 4 per cent. HNO 3 in acetic anhydride. 

Solution F. — 4 per cent. HNO 3 in methyl alcohol to which 
Ho of its volume of 4 per cent, picric acid in ethyl alcohol is 
added. Colors austenite, martensite and troosite differently. 

Solution G. — 1 volume of HNO3 in alcohol and 3 volumes of 
saturated solution of nitraniline. Colors troostite, troosto- 
sorbite and martensite needles. 

Benedicks’ Solution. — 5 per cent, meta-nitrebenzol i$ulphonic 
acid in alcohol. Darkens martensite more than iRUSteniife 
after immersion of 15 sec. 

. 1 Prom the A , 8 . T . M . Symposium , 1921. 
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Solutions for Carbides 

Kourbatoff. — 2 grams picric acid, 25 grams NaOH, 75 cc. 
water. Cementite will be colored after boiling 5 to 10 min. 
Ferrite and tungsten carbide (WC) are unattacked. Various 
other compounds, such as Fe„W and Fe 2 W 2 C, are colored. 

Matweieff. — Boil specimen 20 min. in a neutral solution of 
sodium picrate, and wash thoroughly. Iron phosphide is 
attacked, but cementite is not. 

Yatsevitch. — Tungsten carbide in high-speed steel is dark- 
ened lay immersing 10 to 12 min. in a fresh mixture of 10 cc. 
commercial H 2 O 2 in 20 cc. of a 10 per cent, water solution of 
NaOH. 

Hilpert and Colver-Glauert. — Non-pearlitic steels and pig 
iron may be etched for from 7 sec. to 1 min. in 3 or 4 cc. satur- 
ated aqueous solution of S0 2 in 100 cc. alcohol or water. 

Murakami. — Carbide and tungstide in high-speed and tung- 
sten steels may be distinguished by a hot solution of 10 gram, 
potassium ferricyanide, 10 grams KOII and 100 cc. water. 

Electrolytic Etching 

This method is of great value in special cases. Generally a 
solution of a neutral salt is used as the electrolyte; the specimen 
is made the anode and a piece of platinum foil the cathode. A 
feeble current of a small fraction of an ampere is used. Desch 
(c) finds that etched figures in brasses, etc., are most perfectly 
developed by electrolytic etching, using a 5 per cent, sodium- 
chloride solution and a platinum cathode with two dry cells. 
Other electrolytes used are ammonium nitrate, sodium thio- 
sulphate (used by Le Chatelier for copper-tin alloys), ammo- 
nia, and sometimes very dilute acid solutions. 

For Monel metal, Auchbut'a ( c ) “obtained very good 
results by electrolytic etching in a solution containing 45 cc. 
dilute sulphuric acid (1:3) and 5 cc. hydrogen peroxide solution, 
using a current of 0.1 amp. and 0.5 volt, etching for about 50 
seconds. A slight staining of the specimen was subsequently 
remcrvE^.by light rubbing with a dilute solution of bromine in 
hydrochloric acid.” Constantan was etched in a similar way 
“but stains were removed by using a mixture of dilute sulphuric 
acid and hydrogen peroxide and rubbing with the finger.” 
Rosenhain ( c ) has also found that electrolytic etching is useful 
for nickel-copper alloys. 

Polish Attack. — Used with much success by Osmond and it 
is one which, if not always applicable, is not adopted so widely 
as it should be. The objections which appear to be urged 
against the method are (a) the difficulty of getting uniformly 
good results, and (6) the danger of obscuring the structure by 
the flowing aetjon of polishing. Neither of these objections 
i^ed, however, be serious; the former is overcome by experience, 
while the latter is probably largely imaginary, unless altogether 
unnecessary pressure is used. The procedure which has been 
found suitable for copper and its alloys has already been de- p 
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scribed in dealing with ammonia as aif etching agent. For steels 
Osmond used a very gentle etching reagent, such as a 2 per cent, 
solution of ammonium nitrate with precipitated calcium 
sulphate in parchment, but this method is not now so often used. 
The author, however, for iron and steel, makes use of parchment 
thoroughly soaked in water on which a paste of precipitated 
calcium sulphate is spread. The specimen is then alternately 
lightly etched with picric acid, and rubbed gently for a few 
seconds on the parchment. Frequently also it is found to be an 
advantage to etch the specimen lightly, then polish very gently 
with alumina and re-etch, repeating if necessary. 

Gwyer (c) finds that polishiattack is sometimes very effective 
for light aluminum alloys, “for example, in bringing out the 
structure of the iron-aluminum eutectic. For this washed and 
ignited magnesia is required, the polishing being done on parch- 
ment kept moistened with very dilute caustic soda solution.” 

Gulliver (c) notes that sometimes a good polish attack may 
be obtained with water alone, although not if the pad is new. 
He found, for example, that polish attack with water alone was 
defective in the case of bismuth-tin alloys. 

Heat-tinting. — Although not perhaps, strictly speaking, an 
etching process, heat-tinting is a valuable and widely used 
method of revealing the structure of alloys, and especially for 
the detection of small differences in concentration of solid 
solutions. It consists in heating the specimen until a thin film 
of oxide is formed on the surface, differences in composition 
giving rise to variations in thickness, and hence variations in 
color of the film. Stead used it with great advantage in study- 
ing phosphoric cast irons and alloys of iron and phosphorus, 
and showed that by its use phosphide and carbide of iron could 
readily be distinguished, while Heycock and Neville proved 
its value in their work on *the copper-tin alloys. Stead has, 
also applied the method to the determination of the distribution 
of phosphorus in steel. In a paper on“ Mctallographic Methods 
for the Detection of Phosphorus in Steel,” read before the 
Cleveland Society of Engineers in December, 1914, Stead gives 
details of the heat-tinting method suitable for this pugjL&se: 
The specimen is floated on a bath of molten tin at a temperature 
of about 300 °C., and allowed to remain until the whole surface 
has a reddish-brown color. On examining the specimen, the 
portions richest in phosphorus will be detected by their blue 
color, since the parts which arc richer in phosphorus than the 
surrounding metal become colored more quickly. The pre- 
liminary treatment of the specimen before it is raised to the 
tinting temperature is important. Washing with a 1 per cent, 
solution of picric acid in alcohol is recommended, and the surface 
should always be “cleaned by rubbing with a clean piece of 
linen or cotton. The specimen is heated to about 150 rf C., and 
then rubbed with a clean piece of chamois leather while still hot.” 
It is then immediately raised to the tinting temperature. 

Instead of heating in air, and obtaining a colored oxide 
film, Stead has shown that other atmospheres may be used, 
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such as sulphuretted hydrogen or bromine. The use of an 
atmosphere containing bromine for the examination of Muntss 
metal nas been described recently by Stead. 

Heat-tinting appears to require considerable • experience in 
order to obtain consistent results, and the author, among others, 
cannot rely upon it to be uniformly successful. The following 
is a summary of the principal reagents for particular metals and 
alloys. 


Etching Reagents Suitable for Particular Metals and Alloys 
Solutions for Alloy Steels 

Austenitic nickel steels may be etched in 5 grams FeaCL, 
50 cc. HC1 and 100 cc. H 2 0. 

Stellite and high-chromium steels may be etched with a 
very weak electric current in a 0.5 per cent. NaOH solution. 

On 110- volt circuit use two 4-c.p. lamps in series, connected 
with two-wire terminal (platinum wire preferable). Flood 
surface of specimen with solution, and make contact with one- 
wire at side and dip the other in the solution, moving it around 
to obtain uniform etch. 


Methods for Identification of Non-metallic Inclusions 

Stead 1 * uses 30 per cent. H 2 S0 4 . Bubbles arise from sul- 
phides but none from silicates or oxides. 

Law 3 uses an acid solution of lead or cadmium salt in gelatine. 
The sulphides form deep brown or yellow stain of cadmium or 
lead sulphide. Oxides or silicates unaffected. He also recom- 
mends as an electrical etching solution consisting of distilled 
water with 0.002 per c£nt ammonium chloride or caustic potash 
used boiling. After a few minutes wash and dry with alcohol. 
Results: MnS unaltered. FeO and FeCLMnOy is reduced, but 
MnO unaffected. 

Means for the Identification of Non- 
metallic Inclusions 

As polished 

FeS Brownish yellow 

MnS Slate blue, smooth 

FeS*MnSy. Slate blue to brown, may show duplex structure 

FeO. . . Slate blur, rough, a little darker than MnS 

MnO. Similar 

Mn — silicate . , Greenish tinge, smooth and greasy 

Fc — silicate. Black and greasy 

AltOs... - Tiny hard rounded grains, never elongated by 

% rolling, etc. 

Sand grains. ... Angular form, convex side, greasy appearance 

standing in high relief 

Titanium Nitride dt' cyan- 

c onitride* .... .... Pink or yellow cubic crystals 

1 Stead, Iror and Steel, Vol. 0, p. 105. 

5 Law, Journ. Iron and Steel Inst., Vol. 2, p. 94, 1907. 
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Matweieff 1 uses hydrogen or steanf at 600 deg. C., or organic 
acids to distinguish oxides, silicates and sulphides as follows: 

Oxides Silicates Sulphides 

Hot hydrogen Reduced Unaffected Unaffected 

Hot steam Attacked Unaffected Unaffected 

Organic acids Unaffected Unaffected Attacked 

2 per oent. HF in absolute alcohol 1 . Unaffected Darkens Darkens 

1 Regent due to McCance. Action occurs in 3 sec. Another recom- 
mended solution contains 8 cc. HF, 42 cc. water and 50 cc alcohol. 

Iron oxide may be distinguished from manganese oxide by 
repolishing the sample reduced by hot hydrogen, and etching 
with dilute solution of Fed* in aloohoi. If colored feebly, 
the inclusion is FeO; if colored deeply, it is MnO with some 
FeO; MnO alone is not reduced. Iron sulphide is colored 
by tartaric acid, while MnS is very feebly colored. 


Sulphides 

Rohl 2 3 4 recommends a 1 per cent solution of acetic, citric, 
oxalic or picric acid in water, noting that picric acid gives the 
most uniform results on sulphides. FcS* is always readily 
blackened in 1 min.: MnS is slightly blackened in 45 sec. Sul- 
phides also give a dark brown color after a triple etching (a) 
4 g. picric acid in 100 cc. amyl alcohol, (6) 4 cc. HN0 3 in 100 cc. 
amyl alcohol, (c) concentrated hot NaOH. A 2 per cent, 
sodium acetate will give FeS a brownish tint in 1 min., whereas 
MnS is colored but very lightly. 

Reduction tests for sulphides: Sulphides are covered by 
mercury after immersion in HgCl 2 solution. If the sample is 
lightly repolished, FeS will be found corroded but MnS not. 
A 3 per cent, boiling solution, of AgNO a will color FeS a uniform 
violet blue and MnS a slightly darkled dove gray. On 
repolishing, FeS appears a reddish violet, and MnS a blue gray. 

Campbell" s method of distinction: A short preliminary 
etching with 1 per cent, picric acid in ethyl alcohol, followed 
by tempering to dark yellow, changes FeS into a beautifu^ttfk 
blue to reddish violet, and MnS into dull gray to bright wlpte. 

Whitely recommends that 5 grams gelatine be soaked 1 hr. 
in 20 cc. water and 15 cc. gelatine added. Heat till clear, 
add 0.05 grams tartar emetic in 1 cc. H^O, filter, and add 1 cc. 
dilute H2SO4. Apply warm. Yellow ring forms around 
sulphides. 

McCance* replaces tartar emetic by 0.1 gram AgN0 3 , when 
a black stain indicates sulphide. 

Comstock* uses boiling alkaline picrate of soda. MnS is 
blackened and roughened, while silicates and oxides are 
unaffected. 

1 Matweieff, Rev. Metall., Vol 7, p. 447. 

2 Rohl, Journ , Iron and Steel Inst. Carnegie Memoir, Vol. 4, p. 28, 1912. 

3 McCance, Journ . , Iron and Steel Inst., pp. 1-239, 1918. 

4 Comstock, Trans., A.I.M.E . , Vol. 56, p. 553, 1916. 
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Karl Daeves, in StaM und Eisen, Sept. 8, 1921, p. 1262, 
emphasizes the advantages of potassium ferricyamde as an 
etching reagent for Cr and W steels, first proposed by K. 
Honda and T. Murakami. According to the Japanese 
authors, there are three carbides in Cr steels — namely, a-carbide 
(Fe8C)i8*Cr4C, /3-carbide (FcsCVCnC andy-carbide FegC*Cr 4 C. 
A mixture of 10 grams potassium ferricyanide and 10 grams 
KOH in 100 cc. water acts as follows: a-carbide is attacked even 
in the cold, giving a brown to blue coloration; /3-carbide is 
attacked only when hot, and y-carbide is not attacked. High- 
speed with over 12 per cent, tungsten contains the compound 
FeaW, which is easily attacked by the cold reagent, giving a 
brown to blue coloration. 

This reagent is not satisfactory for pig iron, carbon and Ni:Cr 
steels. 

The following list gives the principal reagents which have 
been found especially suitable for different metals and alloys: 

Aluminum and Light Aluminum Alloys. — Caustic soda, hydro- 
chloric acid, hydrofluoric acid (1 part fuming HF to 10 or 20 
parts of water, clear after treatment by a few second’s immer- 
sion in HNOs). AJso Villela’s reagent, 2 parts glycerol, 2 parts 
30 per cent. HF arid 1 part HN0 3 . 

Brasses. — Ammonia, ammonium persulphate, copper-am- 
monium chloride, electrolytic etching, ferric chloride (slightly 
acidulated with HOI), chromic acid (saturated or nearly satu- 
rated solution), nitric acid (strong acid, followed by water), 
Tinofdef’s reagent (94 grams HN0 3 and 6 grams Cr 2 O s , a few 
drops are used in 50 cc. of water). 

Bronzes. — Ammonia, ammonium persulphate, ferric chloride. 

Copper. — Ammonia (sp. gr. 0.88, diluted 1:1 with water), 
ammonium persulphate (10 per cent, aqueous solution), bro- 
mine (followed by a wash with airmonia), copper-ammonium 
chloride (5 grams of hopper-ammonium chloride in 100 cc. of 
water, add ammonia until precipitate just dissolves). 

Copper-aluminum Alloys (Aluminum Bronzes). — Ammonium 
^persulphate, ferric chloride, copper-ammonium chloride, nitric 

Genhan Silver. — Ammonium persulphate, ferric chloride. 

Gold and Rich Gold Alloys, Platinum and Its Alloys. — Aqua 
regia (dilute, 1 part HNO3, 5 parts II (11, 6 parts distilled water, 
used at 15°C.). 

Iron Silicon Alloys. — Villela’s reagent, 2 parts glycerol, 2 parts 
30 per cent. HF, and 1 part HN0 3 . 

Lefcd, Tin and Their Alloys (White Metal, etc.,).— Chromic 
acid in nitric acid, ferric chloride, hydrochloric acid, nitric acid, 
silver nitrate (5 per cent, solution). 

Monel Metal. — Ferric chloride, ammonium persulphate, 
(see also Nick6l). 

Nickdl, Nick#l-copper Alloys. — Electrolytic etching. See p. 
408 or nitric acid either alone or 50 per cent. HN0 3 , 40 per cent, 
glacial acetic acid and 10 per cent, water. 
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Platinum. — The usual reagent is aftia regia, but it fails if the 
percentage of Os, Tr, Rh or Ru is high. In such cases fusion 
with potassium bisulphatb or potassium hydroxide with 10 
per cenL of potassium nitrate is useful. Heat etching may also 
be used. 

Palladium and Its Alloys. — A cold solution of aqua regia in 
alcohol or glycerin or boiling concentrate nitric acid. 

Sterling Silver. — Alkaline cuprammonium chloride; ammon- 
ium persulphate; heating’ tinting, or better still, E. A. Ander- 
son’s reagent: » 


Solution A. — Potassium dichromate 2 grams 

Nitric acid (1:1)* 100 cc. 

Solution B. — Chromic acid 20 grams 

Sodium sulfate 1.5 grams 

Water . 100 cc. 


Solution A is diluted to 20 volumes and an equal volume of 
Solution B is added. When properly mixed and applied with a 
camel’s-hair brush, a red silver chromate should form; this 
remains granular and does not adhere to the surface of the speci- 
men. If the chromate adheres, more Solution A should be 
added, and if no chromate forms, more of Sdlution B is needed. 

Tungsten Carbides, (Thoran, Diamonite, Elmarid, Walramite 
and Widia). — Alkaline ferricyanide attacks WC and not W 2 C; 
a mixture of concentrated nitric and hydrofluoric acids attacks 
W 2 CandnotWC. 

Zinc and Alloys Rich in Zinc. — Caustic soda, iodine (1 part 
iodine, 3 parts ICl, and 10 parts water), 1 per cent, iodine in 
alcohol; mixture of chromic and nitric; acids. 
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Gravimetric Factors 



Give 

Sought 

Multiply 
by factor 
N 

Aluminum, 26 96 

A1 2 0 3 

A1 

0.5290 

A1 

A1203 

1.8902 


AIPO 4 

A1 2 0 3 

0 4103 


A1 2 0 3 

A1 2 (S0 4 )» 

3.3567 

Antimony, 121.77 

Sb 2 0 4 

Sb 

0.7919 

Sb 2 0 4 

Sb 2 0 3 

0 9479 


Sb 2 0 4 

Sb*0* 

1 0523 


Sb 2 S 3 

Sb 

0 7168 


Sb 2 S 3 

Sb 2 0 3 

0.8581 


Sb 2 S 3 

Sb 2 0 6 

0 9523 


Sb 

Sb 2 0 3 

1 1971 


Sb 

Sb 2 0 6 

1 3285 

Arsenic, 74.96. . . 

As 2 S 3 

As 

0 6091 

As 2 S 3 

As 2 0 3 

0 8041 


As 2 S 3 

As 2 0 6 

0 9341 


As 2 S 3 

As0 4 

1 1291 


A.S 2 S 5 

As 

0 4832 


Mg 2 As 2 0 7 

As 

0 4827 


Mg 2 As 2 0 7 

As 2 0 3 

0 6373 


Mg 2 As 2 0 7 

As 2 0 6 

0 7403 


Mg 2 As 2 G 7 

As0 4 

0 8949 


Ag 3 AsQ 4 

As 

0 1620 


As 

AS 2 O 3 

1 . 3202 


As 

As 2 0,S6 

1 5336 

Barium, 137.37 

BaS0 4 

Ba 

0 5885 


BaS0 4 

BaO 

0 6568 


*BaCr0 4 

Ba 

0 5422 


BaCrO, 

BaO 

0 6053 


BaCOa 

Ba 

0.6960 


BaCOa 

BaO 

0 7771 

Bismuth, 209.0 

Ba 

BaO 

11 1165 

Bi 2 0 3 

Bi 

0 8973 

BiOCl 

Bi 

0 8024 


BiOCl 

Bi 2 0 3 

0 8946 


Bi 2 S 3 

Bi 

0.8129 


Bi 2 Sa 

Bi 2 0 3 

0.9062 


Bi 

Bi 2 G 3 

1.1148 

Boron, 10.82 

B 2 O 3 

B 

0 3107 


B 

B 2 () 3 

3 2181 

Bromine, •79.91 6 

AgBr 

Br 

0.4255 

* 

AgBr 

RBr 

0.4309 


Br - Cl 

Br . 

1.7969 


Br - Cl 

Br 

AgBr 

OH 

4.2202 

0.1001 
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Gravimetric Factors. Continued 



Given 

Sought 

Multiply 
by factor 
N 

Cadmium, 112.41. . 

CdO 

Cd 

0.8754 


CdS 

Cd 

0 7780 


CdS 

CdO 

0.8888 


Cd 

CdO 

1 . 1424 

Caesium, 132.81 

C S2 S0 4 

Cs 

0.7344 


Cs 2 PtCh 

Cs 

0.3943 


Cs 

Cs 2 0 

1.0623 

Calcium, 40.07 

CaO 

Ca 

0.7146 


CaO 

CaC0 8 

1.7847 


CaS0 4 

Ca 

0.2943 


CaSO. 

CaO 

0.4119 


CaC0 3 

Ca 

0.4005 


CaC0 3 

CaO 

0.5603 


Ca 

CaO 

1.3993 


Ca 

CaCpa 

2.4971 


CaO 

CaC 2 0 4 

2.2841 

Carbon, 12.00 

CaC 2 0 4 

COi 

0.3436 


CaC0 3 

co 2 

0.4397 


co 2 

c 

0.2727 


C 

co 2 

3.6667 


C0 2 

co 3 

1.3636 

Chlorine, 35.46 

AgCl 

Cl 

0.2474 


AgCl 

HC1 

0.2544 


Ac 

Cl 

0.3287 


Cl 

OH 

0.2256 


AgCl - 

OH 

0.05581 

Chromium, 52.01. 

Cr 2 0 3 

a- 

0.6842 


Cr 2 O a 

CrOs 

1.3158 


PbCr0 4 

Cr 

0.1609 


PbCr0 4 

Cr 2 0 3 

0.2351 


PbCr0 4 

Cr0 3 

0.?&*f* 


Cr 

Cr 2 0 3 

1 .4615 


Cr 

Cr0 3 

1.9230 

Cobalt, 58.97 

CoS0 4 

Co 

0.3804 


Co 3 0 4 

Co 

0.7343 


Co 

CoO 

1.2713 


Co(N0 2 ) 3 3KN0 2 

Co 

0.1304 

Copper, 63.57 

CuO 

Cu 

0.7989 


Cu 

CuO 

1.2517 


Cu 2 S 

Cu 

0.7986 


Cu 2 S 

CuO 

0.9996 


CuSCN 

Cu 

0.5226 


CuSCN 

CuO • 

06541 ( 
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Gravimetric Factors. Continued, 



Given 

Sought 

Multiply 
by factor 
N 

Cyanogen, 26.01 . . . . 

AgCN 

CN 

0.19427 


Ag 

CN 

0.2411 

Fluorine, 19.00 

CaF 2 

F 

0.4867 

0 

SiF 4 

F 

0 7303 

Gold, 197.2 

Au 

AuCla 

1 5396 

Hydrogen, 1.008. . . . 

II 2 0 

H 

0 11190 

Iodine, 126.932 

Agl 

I 

0 54056 


Pdl 2 

r 

0.7041 


I - Cl 

I 

1.3877 


I - Cl 

Agl 

2.5673 

Iron, 66.84 

Fe 2 0 3 

Fc 

0 6994 


Fe 2 0 3 

FeO 

0.8998 


Fe 2 03 

Fe 3 0 4 

0.9666 


Fe 2 0 3 

FeS 2 

1 5028 


FcO 

Fe 

0.7773 


FeO 

Fe 2 0 3 

1.1114 


FeS 

Fe 

0.6352 


Fe 

FeO 

1 2865 


Fe 

Fc 2 Oa 

1 4298 

Lead, 207.2 

PbS0 4 

Pb 

0 6832 


PbS() 4 

PbO 

0.7360 


PbSC) 4 

PbO* 

0 7887 


PbS0 4 

PbS 

0 7890 


PM <r0 4 

Pb 

0 6411 


PbCr0 4 

PbO 

|0 6906 


PbS 

Pb 

0 8660 


VbS 

PbO 

0.9328 


PbCl 2 

Pb 

0 7450 


PbO 

Pb 

0 9283 


Pb 

PbO 

1 0772 

6.939. . . 

Li 2 S0 4 

Li 

0 12623 


Li 2 S0 4 • 

Li a O 

0.27176 


Li 3 P0 4 

Li 

0 17970 


Li 

Li 2 0 

2.1529 


LiiCO, 

Li 

0.1879 


Li.CO, 

LiaO 

0 4044 

Magnesium, 24.32. 

Mg 2 P 2 0 7 

Mg 

0 2184 


Mg 2 P 2 0 7 

MgO 

0.3621 


Mg 2 P20 7 

MgCOa 

0.7572 


MgS0 4 

Mg 

0 20202 


MgS0 4 

MgO 

0 33492 


MgO 

Mg 

0.6032 


MgO 

MgCO s 

2 0912 


Mg 

MgO 

1.6579 
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Gravimetric FactoAs. Continued 



Given 

0 

Sought 

Multiply 
by factor 
N 

Manganese, 54.93. . . 

Mn 2 P 2 O 7 

Mn 

0.3869 


Mn 2 P 2 0 7 

MnO 

0.4996 


Mn 3 0 4 

Mn 

0.7203 


Mn 3 0 4 

Mnt) 

0 9301 


MnS 

Mn 

0.6314 


MnS * 

MnO 

0.8153 


MnS0 4 

Mn 

0 3638 


MnS0 4 

MnO 

0.4697 


MnO 

MnOa 

1.2256 


Mn 

MnO 

1 2913 


Mn 

MnO 2 

1 5826 

Mercury, 200.61. 

HgS 

Hg 

0 8622 


HgS 

HgO 

0 9309 


HgCl 

Hg 

0 8498 


HgCl 

HgO 

0 9176 


Hg 

HgO 

1.0798 

Molybdenum, 96.0... 

M0O3 

Mo 

0 6667 


PbMo0 4 

M0O3 

0 3922 

Nickel, 58.69 

NiS0 4 

Ni 

0.3792 


NiO 

Ni 

0.7858 


Ni 

NiO 

1 . 2727 

Nitrogen, 14.01 

NH 4 C1 

N 

0.26186 


nh 4 ci 

NHa 

0 31838 


NH 4 C 1 

NH 4 

0.33722 


(NH 4 ) 2 PtCl 6 

N 

0 06309 


(NHJtjPtC'l* 

nh 3 

0 07671 


(NH 4 ) 2 PtCl 6 

nh 4 

0.08125 


(NH 4 ) 2 PlCl 6 

NH 4 C 1 

0.2411 


Pt 

N 

0 1435 


Pt 

NH, 

0. 1745 . 


Pt 

nh 4 

0.k&4? 


N 

nh 3 

1 ’ 2158 


nh 3 

N 

0 82247 


N 

(NH 4 ) 2 0 

1 8587 


N 

(NH 02 SO 4 

4.7162 


N 

n 2 o 6 

3 8579 


N 

no 3 

4 4261 


N 

no 2 

3.2841 


N 

NO 

2.1420 

Phosphorus, 31.024. 

Mg 2 P 2 0 7 

P 

a. 2787 


Mg 2 P 2 0 7 

p 2 o* 

0.6379 


Mg 2 P 2 0 7 

P0 4 

Q 8534 


FeP0 4 

p 2 o 6 • 

0.4708 , 


U 2 P 2 O 11 

p 2 o 6 

0 1989 
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Gravimetric Factors. Continued 



Given 

| 

Sought 

Multiply 
by factor 
N 

Phosphorus, 31.024. 

P2O6 

P 

0.4369 


P 

p 2 0 6 

2.2893 

Platinum, 195.23. . . . 

(NH 4 ) 2 PtCl 6 

Pt 

0 4396 


K 2 PtCl 6 

Pt 

0 4015 

Potassium, 39.095.. . 

KC1 

K 

0.5244 


KC1 

K 2 0 

0.63168 


KBr 

K 

0 3285 


k 2 so 4 

K 

0 44870 


k 2 so 4 

k 2 o 

0.5405 


K 2 PtCl 6 

K 

0 1609 


K 2 PtCl 6 

K 2 0 

0 1941 


K 2 PtCl 0 

KC1 

0 3071 


KCIO4 

Iv 

0 28219 


KCIO4 

K 2 O 

0 . 33992 


kcio 4 

KC1 

0 53811 


K 

K 2 0 

1 2046 


KOT1 

k 2 co 3 

1 2315 

Rubidium, £5. 4i 

itb 2 so 4 

Rb 

0 6401 


RbsPtCle 

Rb i 

0 . 2952 


Rb 

Rb a O 

1 0936 

Selenium, 79.2 

Se 

Se0 2 

1.4040 


Se 

SeO a 

1.6060 

Silicon, 28.0G 

; Si0 2 

Si 

0.4670 


Si0 2 

SiO s 

1.2644 


Si0 2 

Si 2 07 

1.3996 


&i0 2 

Si0 4 

1 5328 


a 

Si0 2 

2.1404 

Silver, 107.88. . . 

AgCl 

Ag 

0.7526 


AgCl 

Ag 2 0 

0.80843 


AgBr 

Ag 

0.57445 


Agl 

Ag 

0 4595 


Ag 

Ag a O 

1 0742 

Sodium, 22.997 

NaCl 

Na 

0.3934 


NaCl 

Na 2 0 

0.53026 


Na 2 S0 4 

Na 

0 3238 


Na 2 S0 4 

Na 2 0 

0.4364 


Na 2 C0 3 

Na 

0.43395 


Na 2 C0 3 

Na 2 0 

0 5849 


Na 

Na 2 0 

1 3479 

Strontiunf, 87.62. . . 

SrS0 4 

Sr 

0 4770 

* 

SrS0 4 

SrO 

0.5641 


SrC0 3 

Sr 

0 5936 


SrC0 3 

SrO 

0 7019 


Sr 

SrO 

1 . 1826 
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Gravimetric Factors? Continued 



Given 

Sought 

Multiply 
by factor 

N 

Sulphur, 32.065 

BaS0 4 

s 

0.13736 


BaS0 4 

so 2 

0.27444 


BaS0 4 

so. 

0.34299 


BaS0 4 

so,* 

0.41152 


BaS0 4 

h 2 so 4 

0.42016 

- 

S 

so 2 

1.9979 


s 

so. 

2.4968 


s 

II 2 S0 4 

3.0588 

Tellurium, 127.5 

To 

Tc0 2 

1.2510 


Te 

TeOg 

1.3765 

Thallium, 204.4.. . 

TIT 

Tl 

0.6169 


TUPtClc 

T1 

0.5005 


T1 

T1 2 0 

1.0391 

Thorium, 232.15 

Th0 2 

Th 

0.8789 

Tin, 118.70 

Sn0 2 

Sn * 

0.7877 


Sn 

Sn0 3 

1.2693 

Titanium, 47.9 

TiO a 

Ti 

0.5995 

Tungsten, 184.0. . 

WO, 

W 

0 7930 

Uranium, 238.17 

UiO, 

U 

0 8481 


TJ*0» 

U0 2 

0.9525 


uo 2 

IT 

0.8816 

Vanadium, 50.96. 

v 2 0 6 

V 

0.5602 


V 

v 2 o 5 

1.7849 


V 

vo 4 

2.2559 

Zinc, 65.38 

ZnO 

Zn 

0 8034 


ZnS *• 

Zji 

0.6709 


ZnS 

ZnO 

0 8351 


Zn 2 P 2 C>7 

Zn 

0.4289 


Zn 

ZnO 

1.2448 

Zirconium, 91.0. 

ZrO'2 

Zr 

0.7398* . 

Ammonia, 17.034. 

Pt 

Nil, 

0 * 3?v4ix) 


Pt 

nh 4 

0 18483 


Pt 

nh 4 oh 

0.35906 


Calculated by International Atomic Weight Table of 1925. O = 16. 
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!■ 

O 

e§ 

1 

a 

8 

Prepared for 
weighing by 

L _ . 1 

Ignition; ab- 
sence of C is 
necessary. 

g 

0 
. +* 

jj 

■3 * 

+5 

! 

I O 

j 

§ 

O 

Alkaline carbon- 1 
ate removed by re- 
peated ashing 
with hot HsO 
FeiOj, AliOj, and 
S1O2 removed by 
solution and pre- 
cipitation of the 
ignited ZnO. 

Mu, Co, and Ni 
sulphides. Re- 

moved by resolu- 
tion, neutralizing, 
and reprecipita- 
tion. Feifnotpre^ 
viously removed. 

None if bases 
forming insoluble 
phosphates are ab- 
sent and precipi- 
tate is well washed. 

Salts of fixed al- 
kalies, FetOi, ZnO 

Soluble in 

Dilute acids, 
fixed caustic al- 
kalies, bicarbon- 
ates, and organ- 
ic solution^ 

Dilute HC1 and 
HNOs, strong 
H2SO4 when hot. 
Free NH4OH re- 
tards precipita- 
tion. 

1 Acids. Slightly 
in large excess 
of ammonium 
salts. The in- 
fluence of am- 
monium salts is 
lessened by 
large excess of 
the precipitant. 

Dilute mineral 
acids (especially 
IHCll. Insoluble 
in strong HCr 
H1O2 and cono. 
HNOi. 

Conditions of 
solution > 

i 

Absence of caus- 
tic and bicarbon- 
ate alkalies and 
ammonium salts. 

Alkaline, or acid 
only with weak or- 
ganic acid. Free 
mineral acids pre- 
vent precipitation 
(HiSO< least). Fe 
should be absent. 

Mn must be en- 
tirely in mangan- 
ous form, and 
slightly alkaline. 
An excess of phos- 
phate is necessary. 
Oxalates and ex- 
cessive amounts of 
ammonium salts 
should be absent. 

Absence of HC1 
or other halogen 
acids. Also lower 
oxides of nitrogen 
or reducing agents. 
Boiling necessary. 

— w ■ ■ 

Obtained j 
o# precipi- j 
tated as j 

8 ° 

a a 02 

NN O 

<N N 

5 

55o O 

b? a 

2* a 

Obtained by 
or precipitated 
with 

1 

Precipitant 

NaiCOa. 

Precipitant 
H2S in boiling 
dilute HC2H3O2 
solution. NH4CI 
facilitates preci- 
pitation. 

Precipitant 
NaNH<HPO< in 
presence of am- 
monium salts. 

Br from ace- 
tate solution 
KClOa from 
boiling nitric- 
acid solution. 

Object 

L ^ 

Weigh- 

ing. 

Separa- 

tion. 

Weigh- 

ing. 

Separa- 

tion. 

Ele- 

ments 

v 

a 

fcsj 

Mn 





Separa- Precipitant PbS Slightly acid, neu- Dilute boiling Other members 

iion. HjS. tral, or alkaline. HNOj; hot cone of the H*S group 

Best precipitated HC1. In Naj- if present. 

in cold H1SO4 so- SjOj. 

lution. 
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Weighed 
a a 

6 

03 

6 

*s 

3 

i 

CQ 

AgCl. 

Prepared for 
weighing by 

1 Heating mod- 
erately and alow- 
ily with free ac- 
cess of air. Ad- 
dition of HNOi 
aids conversion. 

■ 

Same as Mg. 

For titration 
by dissolving in 
NHoOH and re- 
ducing by Zn+ 
HaSOi, or by 
acidimetry. 

i 

£ 

3 

© 

a 

£ 

< 

a 

© 

a 

5 

S 

a 

1 

I 

° j 

Other members 
of HiS group, if 
present. Separat- 
ed from Sb 2 Sa by 
adding HjCzOi, 
and boiling. 

1 m 

%% 
tb 0 ^ 

s a* 

» fi$ 

a Js-d 

a «< ea a 

GO TJ oj 

6 

<9 

PQ 

3 

© 

a 

09 

02 



4 

a 

Soluble in 

M oder at el y 
Btrong acids 

(HCI especial- 
ly). In boiling 
solution o*o n - 
taining free H 2 - 
C 1 O 4 . 



Same as Mg. 

NH<OH and al- 
kalies. Soluble 
m HCI and mod- 
erately strong 
HzSO^orHNOj. 
In hot HzO. In- 
soluble in very 
dilute HNOi 
containing NH<- 
NOj. 

Same as BaSOi 

4 

3 

i 

0 D 

! Conditions of 
| solution 

i 

Moderately di- 
lute and slightly 
acid Precipitation 
promoted by ace- 
tates and inter- 
fered with by oxa- 
lates or oxalic 
acid. 

jSame as Mg 

Acid with HNOa, 
and containing an 
exfcess of NH 4 NO 3 
and precipitant. 
Chlorides, HCI, re- 
ducing agents and 
organic acids 
ohould be absent. 

Same as BaS0<. 

1 

4 

a 

I 

Obtained 
or precipi- 
tated as 

CO 

a 

GO 

Z ow ^ 

6 

03 

09 

PQ 

s 

Obtained witb 
or precipitated 
by 

h- 

Precipitant 
HiSinacid solu- 
tion or upon 
acidifying solu- 
tions of alkaline 
sulpho-s tan- 
nate. 

MgCli in ara- 
momacal solu- 
tion containing 

NH.CI. 

Precipitant 
(NHO 1 M 0 O 4 in 
HNOa solution 
heated to 80°C 
Agitation facili- 
tates precipita- 
tion. 

Precipitant 
BaCli in hot sol- 
ution containing 
a little free HCI. 

Precipitant 

AgNO*. 

43 

A 

M 

Ja esia § 

M $ *.2 




© . 

"S . 0. fl * 

'© . 

© . 

o 


* I «J| 


►j 

Ele- 

ments 

— • — *. 

« 

ta 

Cm 

mOqo 
•GQGQ © 

CD 

G 
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SECTION VI 

ORE DRESSING 


CRUSHING 

Stamps, Chilean mills and rolls are used for coarse crushing; 
feed generally not over 2 in. and discharge screen about 35 to 40 
mesh. The roll makes less fines in the product than either of 
the others. Hardinge mill is a stage crusher; feed about in. ; 
product uniform fine sand with but little slime; Huntington 
mill, regrinding machine; best feed not over K in., makes con- 
siderable slime. Tube mill is best and only logical fine grinding 
machine. 

Abbe Tube Mill. — The original Abb£ p^ar-driven mill was 
supported on a pair of riding rings. The distinguishing feature 
was a spiral of Archimedes through which the ore was fed and 
discharged. Tube mills now supported either on riding rings 
or trunnions. Early tendency was toward long mill of small 
diameter, 22 ft. by 3J^ ft., now changing to 5 and 6 ft. diameter 
and 16 to 18 ft. long. Grinding effected by flint pebbles fed 
into mill. (See Ball mill.) 

Amalgamating Plan. — This is a flat-bottomed iron pan with 
an iron cone in the center, with high sides, nearly or quite ver- 
tical, and in it a horizontal, annular disk, called a muller, is 
revolved. Many authorities claim that »this should not be used 
as a grinder, but only as an amalgamator. From 3 to £Mip. 
is needed for amalgamating, and 5 to 10 hp. for grinding^ a 
5-ft. pan. 

Arrastre. — A machine having horizontal surfaces grindiryg 
concentrically on a vertical shaft. In its origirial form it 
consists of a circular pavement from 6 to 20 ft. in diameter 
with a retaining wall around it and a step in the center. Upon 
the steps stands a vertical revolving spindle from which extend 
horizontal arms, to which large boulders, called dragstones, are 
attached by chains. 

Ball Mill. — Short tube mill ( q.v .) of relatively large diameter 
in which grinding is done by steel balls instead of pebbles. 
Wet grinding with steel balls formerly considered lyiwise due 
to excessive steel consumption now coming into favor. 

According to an investigation made by A. N. Gow, A. B. 
Campbell and W. H. Coghill, a ball mill spqed of 65 per cent, 
of the critical speed gives the maximum grinding capacity, ai*d 
a speed of 50 per cent, of the critical speed gives the most effi- 
cient grinding (Trans. A. I. M. E., San Francisco meeting, 1929). 

431 
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Beater Mill. — In this classification may be included hammer 
mills, ring mills and beater-blade mills. The mill consists of 
a shaft carrying one or more spiders or rotors on which is 
mounted the beaters or hammers. The material is pulverised 
by the impact of the hammers, which may have a tip speed 
as high as 20,000 lin. ft. per min. The rotors are surrounded 
by a housing, the lower half of which is made up of perforated 
metal, grids, or grate bars. Hammer mills should be used 
for crushing to a moderate degree of fineness only. When 
pulverizing a hard ft r crystalline product, the maximum effi- 
ciency is obtained when about 50 per cent, passes a 100-mesh 
screen or 30 per cent, passes 200 mesh. 

Blake Crusher. — Original crusher of jaw type. Rock is 
crushed between two jaws set at an angle to each other, one 
fixed and the other swinging from top suspension rod. Motion 
imparted to lower end of crushing jaw by toggle joint operated 
by eccentric. (See also Dodge crusher.) 

Bryan Mill. — A form of Chilean mill using three rollers 
instead of two. The wear seems a little more even in this type 
of mill than in the Huntington or the regular Chilean. 

Burrstone Mill. — This is sometimes known as a “rock- 
emery” mill. Thei'e arc two stone faces which may rotate in 
opposite directions or one may be stationary. This mill is 
used only on very soft materials, pigments and the like. 

Chilean Mill (Edge Runner). — These mills have vertical 
rollers running in a circular enclosure with a stone or iron base or 
die. They arc of two classes: ( a ) those in which the rollers 
gyrate around a central axis, rolling upon the die as they go (the 
true Chile mill) ; (b) those in w hich the enclosure or pan revolves, 
and the rollers, placed on a fixed axis, are in turn revolved by the 
pan. It w r as formerly used as a coarse grinder, but is now used 
as a fine. According to Luther W # „ Lennox the Chilean mill 
should not be used fo* grinding six-mesh sands without some 
admixture of 13 ^ 2 -to 2^- in. material, and to neglect of this is 
due much of the present unpopularity of the Chilean mill {Bull. 
A.I.M.E. , September, 1919, p. 2864). 

•differential Rolls. — These consist of rolls rotating in opposite 
directions, or in the same direction with different peripheral 
speeds. 

Dodge Crusher. — Similar to Blake crusher ( q.v .) except 
movable jaw is hinged at bottom. Therefore discharge opening 
is fixed giving a more uniform product than Blake with its 
discharge opening varying every stroke, but this decreases 
capacity. 

Dodge Pulverizer. — A hexagonal barrel revolving on a 
horizontal* axis, containing perforated die plates and screens. 
Pulverizing is done by steel balls inside barrel. 

Edge Runner. — See Chilean mill. 

Fuller-Lehigh Pulverizing Mill. — For coal dust pulverizing 
ofcly. Ugpd by the Pennsylvania Steel Co., at Lebanon, Penn. 

Gardner Crusher. — A swing-hammer crusher, the hammers 
being flat U-shaped pieces hung from trunnions between two 
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disks keyed to a shaft. When revolved, centrifugal force 
throws hammer out against feed and heavy anvil inside crusher 
housing. 

griffin Roller Mills. — A centrifugal mill, like the Huntington 
except there is one roller only (see '‘Huntington”). The 
mill is consequently unbalanced and requires a very solid 
foundation. 

Gyratory Crusher. — Consists of a vertical spindle the foot of 
which is mounted in an eccentric bearing. The top carries a 
conical crushing head revolving eccentrically in a conical shell. 
There are three types of gyratory: those which have the greatest 
movement on the smallest lump; those that have equal move- 
ment for all lumps; those tliat have greatest movement on 
largest lump. 

Hammer Mill. — See Beater mill. 

Hardinge Mill. — This is a tube mill made with two conical 
sections connected by a central very short cylinder. The cone 
at the feed end is very short so that the large pebbles settle and 
grind at the large end where the feed is coarse. 

Huntington Mill. — This operates by the centrifugal force 
of steel rollers revolving against the inner surface of a heavy 
horizontal steel ring or die. The rollers are suspended upon 
rods from horizontal arms by short trunnions allowing a swing 
of the rod and roller in a direction radial from the central 
vertical shaft. 

Jeffrey Swing-hammer Crusher. — In an iron casing a shaft 
revolves carrying swinging arms having a free arc movement 
of 120°. The rotation of the driving shaft causes the arms to 
swing out and strike the coal or other brittle material, which, 
when sufficiently fine, passes through the grated bottom. 

Kent Roller Mill. — This consists of a revolving steel ring 
with three rolls pressing against its inner face. The rolls are 
supported on springs, and* the rings support the roll, so that 
there is some freedom of motion. The material to be crushed 
is held against the ring by centrifugal force. 

Kinkead Mill. — This is a pan mill with a convex conical 
bottom on which a muller, having two surfaces of different 
inclinations, grinds. The machine acts on the gyratory princi- 
ple as regards crushing betweeh the surfaces. 

Krupp Ball Mill . — This is the classic ball mill. Grinding was 
done by chilled-iron or steel balls of various sizes which ground 
against each other and the die ring, composed of five perforated 
spiral plates, each of which lapped the next. This formed steps 
which- gave the balls a drop from one plate to the next, and in 
addition, gave a space through which oversize was returned. 
Outside the die-plate is a coarse perforated screen to take the 
chief wear, while outside that come fine gauze scri&ns. The 
fines discharge through these into the housing inside w'hieh 
the screens revolve and which has a hopper bottom. # 

Lane Mill. — A slow-speed roller mill of the*Chilean type. ,A 
horizontal spider carrying six rollers revolves slowly in pan 
10 ft. or more in diameter making about 8 r.p.m. Advantages: 
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great crushing weight, low power, decreased wear due to slow 
speed. 

Marathon Mill. — A form of tube mill used in the cement 
industry, in which the pulverizing is done by long piecea of 
hardened steel shafting. 

Marcy Mill. — A baU mill in which a vertical diaphragm is 
placed about 1 ft. from the discharge end. Between this 
perforated diaphragm and the end of the tube there are arranged 
screens for sizing the material, oversize being returned for 
further grinding while undersize is discharged. 

Test of Harding^ vs. Marcy Mill at Inspiration. — According 
to C. T. Van Winkle, Bull. A.I.M. E ., January, 1918, p. 175, 
when the Inspiration Copper Co.! in 1917, tried out the Hard- 
inge and Marcy Mills in parallel, results were favorable to the 
Marcy mill. The Marcy mills, each took feed direct from the 
bin and in closed circuit with a 6-ft. Dorr classifier, made a 
finished product. The Hardinge mills were arranged in tandem, 
the first mill taking coarse feed from the bin; its product going 
to a Dorr classifier, the sands from which went to the second 
Hardinge mill working in closed circuit with the second Dorr 
classifier. 


Screen Analysis of Mill Feed 



Per cent. 

Cum. per cent. 

On 1 . 5 in . . . 

17.7 

17 7 

On 1 in 

16.5 

34.2 

On % in 

24.7 

58.9 

On 3 mesh . . 

7.3 

66.2 

On 6 mesh ... 

7.7 

73.9 

On 8 mesh . . . ^ * ‘ 

2 2 

76.1 

On 14 mesh 

4 8 

80.9 

On 28 mesh. ... 

3 6 

84.5 

On 48 mesh. . .... 

2 9 

87.4 

Q^»l 00 mesh . 

2 3 

89.7 

On 200 mesh 

1 5 

91.2 

Through 200 mesh 

8.8 

100.0 

100.0 


Mr. Van Winkle suggests operations with the Hardinge 
mill are improved if the feed is through the smaller end. He 
believes the Marathon mill has not had the attention it deserves 
where fin5 crushing without sliming is considered desirable. 

Nissen Stamps. — This is a gravity stamp with an individual 
circular mortar foj each stamp. 

« Rolls. — -Two cylinders, with faces much less than the diam- 
eters, revolving toward each other, drawing the material in 
between the ci ushing peripheries. One roll at least usually runs 
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in fixed bearings, the other may or mly not run in movable bear- 
ings held by springs. 

Ring-roll Mills. — See Roller Mills. 

Roller Mills. — In this type of mill the material is ground 
between a, stationary grinding ring and rolls or balls. They 
may be divided into ring-roll mills and centrifugal roll mills. 
In the former a vertical ring is supported on three rolls that 
maintain a pressure against it. This pressure may be varied 
by means of springs. In centrifugal roll mills the material 
is ground between a stationary grinding ri$ig and rolls or balls 
which revolve and roll on the grinding ring. 

Roll Jaw Crusher. — Same general type as Blake and Dodge 
( q.v .), but moving jaw lias rolling instead of oscillating motion. 

Stamp Battery. — In effect a heavy iron pestle working 
mechanically in a huge iron mortar. Generally grouped in 
units of five per mortar. Stamps vary up to 2000 lb. in weight, 
dropping 6 to 8 in. over 100 times per minute. 

Sturtevant Balanced Rolls. — All four boxes are movable and 
held in position by springs. The idea is to divide the thrust 
whenever the springs yield and, by dividing by two the distance 
the roll must move, to reduce internal stresses. 

Sturtevant Grinder. — A disk grinder in* which one disk is 
stationary and the other rotates. The stationary disk is 
moved out of center from time to time, so that any groove which 
forms can be ground out. 

Sturtevant Roll Jaw Crusher. — A crusher in which the 
motion of the upper part of the jaws is very like that of the 
Dodge crusher, while the lower parts of the jaws, two cylindri- 
cal surfaces of varying radii, grind the ore between them. 

Sturtevant Ring-roll Crusher. — Works as does the Kent 
roller mill, which see. 

Symons’ Disk Crusher.— A mill in which the crushing is done 
between two cup-shaped plates which royolve on shafts set at a 
small angle to each other. These disks revolve with the same 
speed in the same direction and are so set as to be widest apart 
at the bottoms. Feed is from the center and the material is 
gradually crushed as it nears the edge, and is then thrown out 
centrifugal force. See also p. 443. 

Williams Hinged-hammer Crusher. — A machine similar to 
the Jeffrey machine. There is a rotating central shaft carry- 
ing a number of hinged hammers, which fly out from centrifugal 
force, crushing the feed against the casing. 

For preventing rapid abrasion of grinding surfaces, B. E. 
Field recommends welding a thin layer of Haynes Stellite 
where the wear would come. He also recommends the same 
procedure for drag-chain links and along the edgeti of screw 
conveyors. ( Chem . Met. Eng., February, 1928, p. 96.) 

Crushing with Jaw Crushers * 

The jaw crusher is probably still the most popular method of 
reducing the size of ore. A table is given below of what has 
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actually been done with faw crushers, taken from Richards' 
“Ore Dressing,’' but the ordinary table of manufacturer's 
figures on crusher outputs, etc., is omitted for reasons given in 
part of the general discussion by Milton H. Heller in the 
Engineering and Mining Journal, Feb. 27, 1915. 

When it is observed that the material fed to crushers is for 
the most part wet, as it comes from the mine, or dampened to 
reduce the dust, it is apparent the water exerts a lubricating 
action, which is further augmented should any clayey material 
be present. This condition might at any time bring the coeffi- 
cient of friction down to 0.2. Again using Richards' formulas, 
the angle of nip would have to be 11° or under before a bite 
would occur. 

The great variety of shapes and sizes fed to a crusher, as com- 
pared with the rather uniform product to the rolls, would indi- 
cate that whereas a roll operating with an angle of nip of 16° 
is just on the danger point, a crusher so operated would have 


Degree op Reduction and Jaw Angle, Blake Crushers 
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exceeded it. From this reasoning itVould appear correct that 
the angles between the jaws of a crusher should not exceed 12° 
to work near its utmost capacity. 

By referring, to the accompanying table, it is readily seen what 
degree of reduction under present standard measurements of 
construction will bring the jaw angle about this limit: 

The manufacturers, no doubt, have exceeded this angle, 
because it gave them the mouth-size that was sought, for the 
least cost. The direction that has been taken to increase 
crusher capacity has been to make a wi<jjer jaw. It would 
have been better if the jaw angle had been made smaller, and 
the additional iron put into the height of the jaw, rather than 
the width. The second point, the breaking character of the 
rock, is important, but is a character outside of our control. 

It is readily admitted that a decrease in the size of the dis- 
charge opening will reduce the capacity. This amount of 
reduction is, however, greatly underestimated. Extending the 
principle given by Richards in Vol. I, p. 35, of his “Ore 
Dressing," we may argue that in a 15 X 24-in. breaker, if one 
15-in. cube reports at the mouth in 125 3-in. cubes, then the 
capacity at mouth is 125 times that at the throat when break- 
ing to 3 in. If, now, the crushing be reduced to V/i in., there 
would be 1000 cubes produced, and the capacity would be 1000 
times greater at the mouth than at the throat. The capacity, 
(lien, in the second case would be theoretically but one-eighth 
of that in the first case. 

With the smaller opening there would be a proportionally 
larger amount of material that would have to be worked on, as 
with a smaller opening the probability of more stuff being 
smaller than that opening would be increased. This would have 
an added effect in reducing the output. As an illustration of 
how much this capacity reduction is underestimated, apply 
the principles stated to the catalog capacity of a 15 X 24- 
crusher: 

Comparison of Capacities ,, 

(Approximate rapacity for 24 hours) 


Break to 3 in. 2^ in. 2 in. 

Tons 600 4 SO 420 

Theoretical 

Break to 3 in. 2J^ in. 2 in. in. 

Tons 600 347 177 7.5 


An analysis of a eatalog table will show thf> error v*f basing 
estimates upon the figures given. , * 
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Approximate CapaciI y in Tons per Day of 10 Hours 


Size 

Tons 

In. 

Tons 

In. 1 

Tons 

In. 

Tons 

In# 

HH 

1 

X 

►-* 

© 

50 

2 

40 


25 

1 

15 

H 

II— 9X15.. 

120 

2^ 

| 100 

2 

80 

IK 


l 

Ill— 11X18 

200 

3 

175 


150 

2 

100 



In case I it is seen that a change from 2-in. to 1-in. product 
gives 0.5 the output; from IK tp in., 0.37 the output. In 
case II, a change from 2 in. to 1 in. gives 0.62 of the output. In 
case III, a change from 3 in. to 1 H in. gives five-tenths (0.5) 
the output. 

There is no consistency in the table, the intermediate size 
showing less cut than the one larger and the one smaller. The 
table is in all probabilitv no more than a guess. 









Crushing with Blake Type of Breakers 

Abbreviations. — C. = solid cast-iron frame; Cap. = capacity; Est. = estimated; griz. = grizzly; HP. ■* horsepower; h. «■ 
hours; In. = inches; L. = lever pattern; Min. = minute; P. ==> Pitman pattern; p. = per; picked = poor residue left after 
picking; Rev. =* revolutions; S. — sectional bolted frame. 
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Crushing with Blake Type of Breakers. Continued 
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(a) For shipping ore. ( b ) For concentrating ore. (c) Rubber springs, cost $3.50 each, last 2-4 weeks. ( d) Sampler. ( e ) 
Twelve days a year. ( f) Less than $20 per breaker per year, (p) Very hard ore, so that pitman sometimes breaks. (A) Babbitt 
for bearings. Jaw springs. O) Product of No. 1 breaker, picked; also stuff through l&-in. griz., picked, (k) Through No. 1 
breaker, (m) Over 2^4-in griz. aod f 'om fall hammer (n) Through Comet breaker, 3 in. (p) Babbitt once in 2 years, nothing 
else. 4 * (a) This is a Duplex breaker ?4th each mouth 6 X 20 in. (r) Babbitt bearings annually, cost $10. 
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Estimated Cost of^Crushinq by Jaw Crusher 1 


Size of mouth in inches 

4 X 10 

7 X 10 

9 X 15 

10 X 20 

13 X 30 

Tons crushed in 24 hours 

84 

120 

192 

300 

540 

Horsepower 

5 

8 

12 

20 

30 

Cost of breaker 

$275 

$500 

$750 

$1050 

$2250 

Cost, cents per ton, oil 

Cost, cents per ton, interest and 

0.021 

0.021 

0.021 

0.021 

0.021 

depreciation 

0.100 

0.135 

0.127 

0 114 

0.135 

Cost, cents per ton, power 

0.773 

0 805 

0.811 

0.865 

0.721 

Cost, cents per ton, lab<r: 

4.702 

3 333 

2.083 

1 . 333 

0.741 

Cost, cents per ton, wear 

0 815 

0 815 

0 815 

0.815 

0 815 

Cost, cents per ton, repairs 

0 . 402 

0 402 

0 402 

0 402 

0.462 

Total cost, cents per ton 

0 . 939 

5.631 

4.319 

3 610 

2.895 


1 R. H. Richards, “Ore Dressing,” Vol. I. 


Estimated Cost of Crushing by Spindle Breakers 1 


Screen opening, 
inches 

Per cent, of voids 

r By water displacement 

From specific gravity 

H 

40 9 

46.8 

% 

39.6 

46.1 

K 

42 2 

47.1 

H 

43 0 

45.6 

IK to K 

45.7 

44.7 

2 to K 

47 9 

46 2 

2 to % 

46 6 

46 6 

2 K to % 

44.3 

42.9 

2 to IK 

46 2 

43.4 

3 to 2 

< 46.1 

45.1 

3 to 2 

47.5 

46 1 


J R H. Richards, "Ore Dressing,” Vol. I. 


Per Cent, of Voids in; Crushed Limestone 1 


Number of breaker 

0 

2 

4 

6 

T 

Size of mouth in inches 

4 X 30 

6 X 42 

8 X 54 

11 X 72 

18 X 126 

Tons crushed in 24 hours 

72 

216 

540 

1080 

3000 

Horsepower 

3 

9 

22 

45 

125 

Cost of breaker 

$375 

$700 

$1800 

$3300 

$7000 

Cost, cents per ton for oil 

0.021 

0.021 

0.021 

0.021 

0.021 

Cost, cents per ton interest and 
depreciation 

0.109 

0.114 

0 108 

Q.099 

0.076 

Cost, cents per tyn, power. . 

Cost, cents per tpn, labor 

0 541 

0 541 

0.541 

0 541 

0.541 

5 556 

1.852 

0 741 

0 370 

0 133 

Cost, cents per ton, wear 

Cost, cents per ton, impairs 

0.971 

0.971 

0.971 

0.971 

0 971 

0.308 

0.308 

0.308 

0.308 

0.308 

Total cost in cents per ton .... 

7. 556 

3.807 

2.678 

2.310 

1 

2.050 


Richards, "Ore Dressing,” Vol. IV. 
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An ordinary mine wedge, 8 in. long by 4 in. wide by 2 in. 
thick at the large end, when caught in 9 X 15-in. breakers, 
takes about as long to work through as does a ton of ore. 
Moral — remove the wood first. 

Relative Resistance to Crushing 


Quartz 

Pyrite. . . . 
Sphalerite 
( "alcite 
Galena. 


Material 


Work per Work per 

unit surface unit weight 

* i 


1.000 

.788 

.313 

.231 

.190 


1.000 

.418 

.215 

.225 

.067 


The work performed in crushing quartz is assumed as 
unity. The figures arc not in any units, but are comparative 
only. The results are from Bur. of Mines Bull. 2948. 


Symons* Disk Crushers* 

For the work of secondary breaking from a 3- to 5-in. size, 
to approximately 1H in., the Symons’ disk crusher is now being 
largely used, and has been adopted by the larger mining com- 
panies such as Phelps, Dodge & Co., the Guggenheim com- 
panies, the Anaconda Copper Co., and the Inspiration Copper 
Co. Records of the Detroit Copper Co. at Morenci, Ariz., give 
a life of 170,000 tons for one set of manganese-steel disks, which 
are the main wearing parts, and cost about $300. The Federal 
Lead Co., at Flat River, Mo., obtained the low figure of 0.2 ct. 
per ton for wear over a period of a year. 

A test of capacity, power and size of *the product of a 48-in. 
disk crusher was made by David Gilmour, chief engineer for 
the Guggenheim Exploration Co., with a view to determining 
the advisability of using it instead of 72 X 20-in. rolls, and as a 
result the disk crusher was adopted for the Chile Copper G#., 
a t. Chuquicamata, Chile. One of the tests was as shown 
herewith: 

Test of Disk Crusher 

Feed, 20 per cent. 4 to 6 in., 50 per cent. 2 to 4 in., 25 per cent. 
1 to 1% in, 

Crusher opening, 1J4 hi. 

Product, 78 per cent, >2 to lJi hi., 22 per cent. % in. and 
smaller. 

Capacity, 100 tons per hour. 0 

Power, 29 to 47.9 hp. 

It will be noted that the rated capacity foj this crpsher with 
1 in. product is 60 to 80 tons; the power from 50 to 65 hp., go 
that the catalog ratings are conservative. 

1 Julius I Wtle, “Tendency of American Milling Machinery Practice,” 
Eng. and Mm. Journ Apr. 17, 1915. 
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In a more practical way \he advantages of the disk crusher can 
be shown by a comparison of costs, which are available for 1000 
ton units for secondary breaking from into 1 % in. The 
accompanying estimate is based on the cost of power and repairs 
only, with 8 nr. crushing and power taken at the low figure of 
$50 per year, the average yearly tonnage being 350,000 tons. 
The estimate is given for both class A and class B ores, and 
comparison is made between gyratories, rolls and disk breakers. 


Crusher Action on Various Ores — Class A 



Two No. 5 gyratories, 

50 hp. (25 hp. each) 

72 X 16-in. 
rolls, 60 bp. 

48-in. disk, 

40 hp. 

Power 

0.24 cts. 

0.29 cts. 

0 2 cts. 

Repairs 

0.65 cts. 

0.50 cts. 

0.2 cts. 

Total. . . . 

0.89 cts. 

0.79 cts. 

0.4 cts. 


Class B 



1 

Two No. 6 gyratories, 

66 hp. (33 hp. each) 

72 X 20-in. 
rolls, 80 hp. 

48-in. disk, 
50 hp. 

Power 

0 . 32c ts. 

0.39 cts. 

0.25 cts. 

Repairs 

1 .30cts. 

1.00 cts. 

0.40 cts. 

Total .... 

1 . 62cts. 

1.39 cts. 

0.65 cts. 


1 R. H. Richards, “Ore Dressing, ” Vol. III. 


(^rushing with ‘Rolls 1 

According. 1x> Philip Argall the most successful dry crusher 
is the belted roll. They do their best work on 1M- to 2-in. 
cubes. In wet crushing they give good results down to 20- 
rwfsh and fair down to 40-mesh. According to Mr. Argall the 
following formulas give the prpper roll speed: Let P = peri- 
pheral speed in feet per minute; D = diameter of rolls in inches; 
N the number of revolutions per minute; 8 = size in inches of 
maximum ore cube fed; S n = size in inches of maximum cube 
fed for a given diameter of roll; then 


log 


16 


100 X 


log 2 - P ’ 0 0476 x D ‘ S " : D ~ log 2 




-ft') 


N. 


The angle of nip for a given particle is the angle between the 
tangents drawn to the rolls at the points where the particle 
touches. • The m©st favorable angle is 32°. 

« The largest particle which can be fed to a set of rolls, accord- 
ing to Hatov de la GouPiLLikRE is: ^ >18 — 19m; where r — 
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radius of roll, R = radius of largest particle in the feed, and 
m = ratio between diameter of the largest grain in crushed 
product and that of the largest grain in the feed. 

The theoretical capacity of the rolls is: 6QPWS = C; where 

1728 

P = peripheral speed in inches per minute, W — width of roll 
face in inches, S = space between the rolls in inches, and C — 
capacity in cubic feet per hour. 


Size of Feed to Give a 32° Angle of Nip oar Different Rolls 


Diameter of rolls 
in inches 

Spare between the rolls in inches 

• 

H 

H 

H 

H 

y * 

M 

0 

36 j 

2.23 

2.10 

1.96 

1.84 

1.71 

1.57 

1.45 

30 

1.99 

1.86 

1.73 

1.60 

1.47 

1.34 

1.21 

26 

1.83 

1.70 

1.56 

1.44 

1.31 

1.17 

1.05 

24 

1.74 

1.61 

1.48 

1.36 

1.22 

1.10 

0.96 

20 j 

1.58 

1.46 

1.32 

1.20 

1.06 

0.94 

0.80 

16 

1.42 

1.29 

1.16 

1.03 

Q.90 

0.77 

0.64 

9 

1.14 

1.01 

0.88 

0.75 

0.62 

0.49 

0.36 


Size of Feed to Give a 32° Angle of Nip on Different Rolls 


Diameter of rolls 
in inches 

Size of feed to rolls in inches 


U4 

l 

V * 



36 

30 

26 

24 

20 

16 

9 

0.46 

0.280 

0.432 

0 512 
0.666 
0.822 
1.193 | 

Spa 

• 

Lee betwee 

n rolls (a) 



0.038 

0.191 

0 270 
0.424 
0.580 
0.851' 

* 








0.031 

0.185 

0.340 

0.613 







0.101 

0.372 

0* 132 

... . M . 


(a) Where blank Bpaces are left the angle of nip is under 32° with the 
rolls set cIobb together. 


Width of Rolls. — According to Richards the following are the 
chief considerations. Wide rolls of the same speed have more 
surface and hence greater capacity. But as width and capacity 
increase so do the stresses to be met, and consequently the cost 
of the machine increases. On the other hand, narrow rolls are 
much easier to keep true, and by running them faster, provided 
the speed does not exceed the limits for good work, thp capacity 
lost by narrowing can be regained, the stresses are less, and fir^t 
cost, weight and friction are reduced. ,# 

A table of results of roll crushing, taken from Richards, 
follows : 







~ General Table of Roll Data 

Abbreviations.— Bl.= Blake breaker; cap = capacity; est. = estimated; G. «= Gates breaker; gr. = grizzly; h =■ hours; in. 
ncnes; jm. = Jig middlings ; L. = Lowry breaker; mag. = magnetic; mac. = maximum; mid. = mid lings; ov. * oversize; 
* sectional; tn. = through; No. = number; tr. = trommel. 
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|General Table of Roll Data. Continued 
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may not have been screened; IV, Rolls that are crushing jig middlings. 
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Tube Mill Data 1 

Relation between Per Cent. Ore and Solution, Fineness of 
Grinding and Horsepower 


Screen Analysis op Sand Fed to Tube Mills, 12 ft. Long, 
5 ft. Diameter 

On 20 On 30 On 40 On 60 On 80 
6 0 20.0 24.0 23.0 11 0 

On 100 On 120 On 150 Through 150 

8.0 4.0 2.0 2.0 


Variable Pebble Volume, Fixed Ore and Solution 


Pounds, 

On 

On 

On 

1 

Per 

Per 
cent , 

Tons 

Indi- 

cated 

pebbles 

60 

100 

150 

is 

ore 

solu- 

tion 

24 hr. 

horse- 

power 

3,000 

42. 

5 

27. 

5 

8. 

0 

22 . 0 

63. 

72 

36. 

28 

172 

18. 

80 

6,000 

46. 

5 

23. 

5 

8. 

0 

22.0 

70. 

17 

29. 

83 

172 

20. 

37 

9,000 

42. 

0 

26. 

o' 

8. 

0 

1 24.0 

74 

29 

25. 

71 

172 

22. 

5 

12,000 

32. 

0 

32. 

0 

12. 

0 

1 21.0 

60. 

00 

40. 

00 

172 

32. 

16 

15,000 

29. 

0 

30. 

0 

14. 

0 

27.0 

65. 

38 

34. 

62 

172 

39. 

13 

16,800 

18. 

0 

36. 

.0 

12. 

0 

34.0 

66. 

67 

33. 

33 

172 

42. 

88 

18,000 

3. 

5 

29. 

0 

16. 

.0 

1 51.5 

66. 

67 

33, 

.33 

172 

47 

16 

19,000 

4. 

0 

28. 

.0 

13. 

0 

55.0 

66. 

67 

33, 

.33 

172 

51 

45 

20,000 

9. 

0 

32. 

0 

15 

.0 

1 44.0 

71. 

88 

28, 

.12 

172 

56 

28 

21,000 

6. 

0 

30. 

0 

13. 

5 

50.5 

71. 

.88 

28, 

.12 

172 

60 

.10 

22,000 

6. 

0 

29. 

0 

15. 

.0 

50.0 

71. 

.88 

28, 

.12 

172 

65 

.39 

23,000 

6. 

0 

30. 

0 

14 

.0 

50.0 

70, 

.37 

29 

.63 

172 

77 

18 

24,000 

3. 

0 

27 

.0 

16 

.0 

54.0 

7u9 

.96 

29 

.04 

172 

68 

.61 

24,500 

4. 

0 

26 

.0 

13 

.0 

57.0 

68, 

.18 

31 

.82 

172 

69 

68 

25,000 

3. 

0 

26 

.0 1 

14 

.0 

57.0 

66 

.67 

33 

.33 

172 

75 

.04 

26,000 

5. 

0 

28 

.0 

15 

.0 

52.0 

70 

.00 

30 

.00 

172 

68 

.60 

27,000 

8. 

0 

33 

.0 

14 

.0 

45.0 

68 

.00 

32 

.00 

172 

64 

85 


Variable Ore and Solution, Fixed Pebble Volume 


Pounds, 

pebbles 

Feed, 

inches 

Tons 

oro 

per 

24 hr. 

On 

60 

On 

100 

On 

150 

Through 

150 

Per 
cent , 
ore 

Per 
cent , 
solu- 
tion 

Indi- 

cated 

horse- 

power 

20,000 

3 

172 

7.0 

32.0 

13 0 

48.0 

64 71 

35.29 

50.4 

20,000 

3, 

172 

13 0 

35 0 

11 0 

41.0 

66 67 

33.33 

54.28 

20,000 

3*.$ 

,190 

12.5 

36.0 

10.0 

41.5 

71.05 

28.95 

51.6 

20,000 

3V* 

190 

14.0 

34.0 

12 0 

40 0 

67.86 

32.14 

54.8 

20,000 

4 

216 

16.0 

34.0 

14.0 

36.0 

68.18 

31.82 

53.2 

20,000 

4* 

21Q 

14.0 

36.0 

16.0 

34 0 

69 70 

30.30 

49.4 

20 000 

41* 

231 

26.0 

38.0 

11.0 

30.0 

66.67 

33.33 

47.5 

20,000 

m 

231 

30,0 

30,0 

10.0 

30. Q 

72.22 

27.78 

43.5 


1 Hofman, “General Metallurgy." 
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Variable Solution, Fixed Pebble Volume and Ore Feed 


Pounds, 

pebble 

Ore 

feed, 

inches 

Tons 

ore 

per 

24 hr. 

Tons 

solu- 

tion 

per 

24 hr. 

On 

60 

On 

100 

On 

150 

Through 

150 

Per 

cent., 

ore 

Per 

cent., 

solu- 

tion 

Indi- 

cated 

horse- 

power 

20,000 

3 

172 

68 0 

12.5 

36.0 

10.0 

41.5 

71.43 

28.57 

45.0 

20,000 

3 

172 

75 0 

13 0 

34.0 

12.0 

41.0 

69.56 

30.44 

48.9 

20,000 

3 

172 

90.0 

8.0 

30.0 

13.0 

49.0 

65.67 

34.33 

55.8 

20,000 

3 

172 

92.0 

8 0 

32.0 

14.0 

Jb.o 

65.20 

34.80 

57.4 

20,000 

3 

172 

98 0 

9.0 

33 0 

12.0 

46.0 

63.78 

36.22 

58.0 

20,000 

3 

172 

111.0 

&.0 

33.0 

13 0 

46 0 

60.70 

39.30 

56.9 

20,000 

3 

172 

113.0 

7.0 

31.0 

13.0 

50 0 

60.44 

39.56 

55 0 

20,000 

3 

172 | 

136.0 1 

8 0 

34.0 

12 0 

46.0 

55.71 

44.29 

55.8 

20,000 

3 

172 

19G 0 1 

7 0 

32 0 

14.0 

47 0 

47.10 

52.90 

59.0 

20,000 

3 

172 

207 0 1 

5.5 

30.5 

13.0 

51.0 

45.40 

54.60 

62.3 

20,000 

3 

172 

268.0 

8.0 

32.0 

12.0 

48.0 

38.90 

61.10 

62.3 


Work of Grinding Pan and Tube Mill at Homestake 1 

9 



5-ft. grinding 

| 5 X 14-ft. tube mill 


pans, 

12,308 tons 
ground by 

7 pans 

Regular 
adjustment, 
medium feed 

Special 
adjustment, 
heavy feed 

Total tons ground per day 

19.34 per pan 

73 

110.0 

Tons ground per day to 
pass 200-mesh sieve 
Water in feed, per cent 

10,83 per pan 

43 

52.8 

80-90 

38 

38.4 



Head 

Tails 

Head 

Tails 

Hpad 

Tails 








Assay : gold value per ton 

82.66* 

82.07 

82.49 

82.04 

$2.49 

$2.04 

Sizing test: per cent, on 







50 mesh 

47 

6 0 

39.0 

5 0 

18.0 

7.0 

Through 50 ; on 80 .... 

34 

14.0 

38 0 

12 0 

49 0 

15.0 

Through 80, on 100 

9 

14 .0 

12.0 

13 0 

17.0 

14.0 

Through 100; on 200 

6 

26 0 

7.0 

28.0 

11 0 

26.0 

Through 200. . 

4 

40.0 

4.0 

42.0 

5.0 

38.0 

Tons ground per horse- 







power per day at one 
passage through grinder. 


2 30 


■ ... 


2.92 

To pass 100-mcsh sieve.. 


1.31 


1.14 


1.40 

To pass 200-mcsh sieve. 


0.83 


0.74 


0.97 


Material consumed. ! 
pounds per ton j 


Iron, worn, 
Iron, scrapped 
Total iron 


3.41 

0.82 

4.23 


Pebbles* 1.66 Pebbles, 


1.30 


1 Hofman, “General Metallurgy." 
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• (a) These are estimates by t*e mill managers; for capacities quoted by manufacturers, see Tables 19 and 20. (6) This 

can probably crush 1440 tons in 24 hours, (c) Repairs, oil and other incidentals, $200 per year, (d) This is the result of 
actual measurement. (e\ None except occasional babbitting. (/) Babbitt eccentric every 6 months, (y) Bevel year and 
pinion gear. (A) Babbitting bearings, (t) Through No. 3 breaker on No. 1 trommel, 1 in. 







Hardinge Mill Data 



* Mill overload. 


Hardinge Mill Data. Continued 


ORE DRESSING 


455 


not 

spirnod 'S(i«q 
jo soiqqaj 

•NN *0 • • • • 1 • 

. * 0 1 - tO tO U* • • • ■ © iD © • o *o u* »o 

•©’©’© o © ■ * • 'nhn • cs* csi ci 

saqout 
*pua pooj 
jo uoi^BAaia 

• *0 >0 

• NNiOUJOifliOOOOOOOO© 

■NOhhhOOhhOON^OhOO 

paaj ui ja)«M 

jo,j 

^ »0 00 •" OO 

OOOOOOiOOMiNOiOH • O U< ©GO 
»O*OU«*O©00l>.*OCD©COtOr'» • t }1 © >0 *0 

ra’WH) 

qoouu aAi^ia^ 

© » 

eoeO*O©0CKO©i-t00©tn©t>-*O©b-i-iN 

U<a0CO00t>*0O©©©©©©i-l©*O— It-© 

eo *o eo »o ■* ui ro hconmnin —km 

•ni 

•ooaaaajyrQ 

Nb-N©iCC4rH00^©iOh-©QOrt»H©0O 

CO— «©CHt>.©U<CC©-H-1©CO©©t'»tOOO 
UiOOCMCSTtl— lCiO©0*0 0;DiOr-iM— <CO 
1-1*0 *0 CO i-H © *0 C©iO©COfr-COOOU»OOt^cD 

«}ran ABiaug 

e- e~ 

ui © r^. © © © u< N eo t- © u< eo tC© — i <M 

P3NNOOO(DCOrOHif 0 0)Nrl<NNO 
Nif WOWMOONNO)OOi#C»^*OOa) 
u<_ <N -* !>• W *0 e© aq *0 » 0_ iq l- © CO ©_*q_co 

HHHrtHHHHrtH — T i— l — 1 — 1 f-4 l-T —1 —4 

qsaui 002 — 
•?uaa ia<j 

■e r- o 

CM00<MON©0000©rH©O©*000©I>»0 

©— <Tfi»— <1— OO— <GO*OQO*©t'-©CO©U , uiu* 
UKMCO-t<CO<MU<COCOCO<M©CO— iU<COCOU1 

Discharge 

'turn ‘azia 
oatuaAy 

to©u<©»o©©>o©^m©N^oo©f^i-< 

<M00<NnNHOOHHHOH(NOHMH 

©©©ooooooooooo©©©© 

■uiui 
' ssRd qy 

»rs»o»o © u* »o *o *o CO eo »D CO CD CO 
eot*ooeOvO<McofMeo©cocroou<cooQcoQO 

tDNCOHCCOOHHHOONHONO 

B)inn A2aau[[[ 

C<lCO«0— l»OUKX>©00CO<N©-riO5D0OiOUi 

© »© <M%0 (M in oi ui CO © CO © CO © *o *n © — I 
(»©--i!-ioO<M©iOI'-©-f*flOCCO©<NOOiO 

CS| CO © CO — t *D ©_ -H © © © t» © © — <_QO t- ©^ 

Feed 

•uiui ‘azia 
OS's Ja Ay 

— 1 — 1 CO -* © a0 >C © N©©»Oe©iM©— « 
©OWNOOUMOMHHiOCS'-tONaU 

©I©— KM©!".©© — (— i-i©©cO©— <©i© 

•tuui 

‘BBTid jjy 

© ^ 10*0 
oo-HcoGOGO—i©©un'-r>.©i>.t'.coeob-eo 

OaO©©©QOCOeO»OMU*iOU<<M©©<NC* 

© CO *C © CO CM — 1 — 1 — 1 

jdModasioq 

lad suoj. 

©“©-fKM<M(»<NeOGO©-^OOeOU<OIUiOOU« 
coo©uiunuito<-H(M»ocoMeoeoi-i-^eo— I 

jaModosjojj 

*3— —S ^ 

<N e> - QOCOCO^-iOe-. 

©I 0 ©©©c 0 © 0 ©©t 0 i 0 i 0 i 0 * 0 ©* 0 © 

— icocoeocoeo-Hcocoeocococococou<»OGO 

fZ J»d ‘BQOX 

© 

co to eo »o to 

00 -i^h©©©©© — lONO^ONiOOOiH 
U»tOuO*OiO©©Ui©QO^©-iNUi©©e4| 

No. 

* 

«1>«0<M© — lrHCOOOO©tO©©uiU*©tO 
N©*0©*0©(Ni-i©aOOt»COi?5COeOU'CO 
— < — < ^ 1—1 1“^ 1^ *— < HH HH 


■g-c I 

S3* 


»3| 

U* D* § 

r§| 

00 « a 

-TSCC 5 

d’-'ja 

Sal 

5s 

J&Sg 

rs^s 


£ feci 

os 5 fl 

v 5 g{ 
wQti ; 
£ ©= 

2 ^ = 

^ <3 H 

*13J 

g r £,g-c 

a> 2 ^ 

■UJH . - 
^ §&,+ 
|6gS 

g: BJ 

«®h! 

s g Svf 

« OJ2 ■ 
•2 ®- t 
6 w't- 
3 H g> l 

GO -3 < 


0) S'© 

® o 

'$£ 



456 METALLURGISTS AND CHEMISTS' HANDBOOK 

HardiStgb Mill Data 1 


6 ft* by 
16-in. 
ball mill 


8 ft. by 
22-in. 
pebble mill 


Average maximum size of feed, mm 

Average size of feed, mm 

Average maximum size of product, mm 

Average size of product, mm 

Average per cent, of — 200 mesh in product 

Average per cent, of —200 mesh in product, no Blope. 
Average per cent, of —200 mesh in product, 0.5 to 

4 in. slope * 

Reduction ratio, range 

Reduction ratio, average 

Average size of product, no Blope, mm 

Average size of product, slope 0.5 to 4 in 

Average tonnage 

Average tonnage at no slope 

Average tonnage at 0.5 to 4 in. slope 

Average horsepower 

Average charge, balls or pebbles, tons 

Average ball or pebble consumption, pounds per ton. 

Average relative mechanical efficiency 

Average percentage of water in feed 

Average revolutions per minute 


44.5 

9.0 

6.0 

0.37 

28. 9 J 


7 to 67 
39.6 


203 


35.06 

4 

0.51 

53.2 

60 

28 


9.7 

1.26 

1.5 
0.14 

37.0 

44.3 

31.6 

6 to 15 
8 

0.10 

0.17 

110 

85 

128 

35.6 

4.5 
1.94 

20.5 

58.7 

27.8 


1 Trans. A. I. M. E., July, 1915. 
9 Nos. 155 and 191 estimated. 


Stamp Milling 

Stamp order — Homestake 1 4 2 5 3 

Stamp order — Brazil 1 5 2 4 3 

Drops per minute — theoretical maximum on 9-in. drop— 95. 
Drops per minute— ^ "theoretical maximum on 8-in. drop — 
100 to 108. 


Stamp Mill Drops* 


Length of 
drop, 
inches 

Number 
of drops 
per minute 

Total 
inches 
drop per 
minute 

Compara- 
tive power 
required 

, 

Number 

units 
crushing 
force per 
drop 

Number 
units crushing 
foroe per 
minute 

mgm 


690 


1.0000 

115.00 



756 

109 . 57 

1 . 1667 




850 

123.19 

1.4167 

141.67 

■9 


945 

136.96 

1.7500 

157.50 


* McFarren’s. "Stamp Milling and Amalgamation.’ * Courtesy of the 
** Mining and Scientific ^reaa." 
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HORSEPOWER PER STAMP REQUIRED B7 THE 
5-STAMP BATTERY 1 

Height of Drop in Inches and Number of Drops per Minute 

A. Nominal Horsepower to Raise Stamps without 
Friction 


Weight of 
stamp in 
sounds 

5 in. 
115 
drops 

6 in. 
110 
drops 

7 in. 
105 
drops 

8 in. 
100 
dropi} 

9 in. 

95 

drops 

10 In. 

90 

drops 

850 

1.234 

1.417 

*1.578 

1.717 

1.835 

1.932 

900 

1.307 

1.500 


1.818 

1.943 


950 

1.379 

1 584 

1.764 

1.919 

HEEE1 

2.159 

1000 

1.452 

1.667 

1.856 

2.020 

2.159 

2.273 


1.525 


1.949 

2.121 

2.267 

2.386 


1.597 

1.833 

Mel 

2.222 

2.375 


1150 

1.670 

1.917 

2.134 

2.323 

2.483 

2.614 


1.742 


2.227 

2.424 

2.591 

2.727 

1250 

1.815 

2.083 

2.320 

2.525 

2.699 

2.841 

1300 

1.888 

2.167 

2.413 


El MM 

2.955 

1350 

■ UlillM 

2.250 


2.727 

2.915 

3.068 

1400 

2.033 

2.333 

2.598 

2.828 

3.023 

3.182 

1450 

2.105 

2.417 

2.691 

2.929 

3.131 

3.295 

1500 

2.178 

mamm 

2.784 


3.239 

3.409 

1550 

2.251 

2.583 

2.877 

3.131 

3.347 

3.523 

1600 

2.323 

2.667 


3.232 

3.455 

3.636 

1650 

2.396 

2.75(J 


3.333 

3.563 

.3.750 

1700 

2.468 

2.833 

3.155 

3. ’434 

3.670 

3.864 

1750 

2.541 

2.917 

3.248 

3.535 

3.778 

3.977 

1800 

2.614 


3.341 

3.636 

3.886 

4.091 

1850 

2.686 


3.434 

3.737 

3.994 

4.204* 

1900 


3.167 

3.527 

3.838 

4.102 

4.318 

1950 

2.831 

urea 

Biiia 

3.939 

4.210 

4.432 

2000 


3.333 

3.712 


4.318 

4.545 

2050 

2.978 

3.417 

3.805 

4.141 

4.426 

4.659 

2100 



3.898 

4.242 

4.533 

4.772 

2150 

3.123 

3.583 

3.990 

4.343 

4.641 

4.886 

2200 

3.194 

3.666 

4.084 

4.444 

4.750 

* 

5.000 


x McFarben'b “Stamp Milling and Amalgamation.” If the number of 
dropB used varies from that in the table, multiply the h Srsepower*taken from 
the table by the number of drops used, and divide by the number of drops yi 
the table. 



















*58 METALLURGISTS AND CHEMISTS’ HANDBOOK 


B. Horsepower Applied to Cam-shaft Pulley 

(1.202 times A) 
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C. Approximate Total Horsepower 
( 1.35 times A) 


Weight of 
stamp in 
pounds 

6 in. 
115 
drops 

6 in. 
110 
drops 

7 in. 
105 
drops 

8 in. 
100 
drops 

9 in. 

95 

drops 

10 in. 
90 

drops 


1.666 

1.913 

2.130 

2.318 

2.477 

2.608 

900 

1.764 

2.025 

2.255 

2.454 

2.623 

2.762 

950 

1.862 

2.138 

2.380 

2.591 

2.769 

2.915 


1.960 

2.250 

2.506 

2.727 

2.915 

3.069 

1050 

2.058 

2.363 

2.631 

2.863 

3.060 

3.222 

1100 

2.156 

2.475 

2 756 

3.000 

3.206 | 

3.375 

1150 

2.254 

2.588 

2.881 

3.136 

3.352 

3.529 

1200 

2.352 

2.700 

3.007 

3.272 

3.498 

3.682 

1250 

2.450 

2.813 

3.132 

3.409 

3.643 

3.836 

1300 

2.548 

2.925 

3.257 

3.545 

3.789 

3.989 

1350 

2.646 

3.038 

3.383 

3.681 

3.935 

4.143 

1400 

2.744 

3.150 

3.508 

3.81$ 

4.081 

4.296 

1450 

2.842 

3.263 

3.633 

3.954 

4.226 

4.449 

1500 

2.940 

3.375 

3.758 

4.091 

4.372 

4.603 

1550 

3.038 

3.488 

3.884 

4 227 

4.518 

4.756 

1600 

3.136 

3.600 

4.009 

4.363 

4.663 

4.910 

1650 

3.234 

3.713 

4.134 

4.500 

4.809 

5.063 

1700 

3.332 

3 825 

4.260 

4.636 

4.955 

5.217 

1750 

3.430 

3.938 

4.385 

4.772 

5.101 

5.370 

1800 

3.528 

4.050 

4.510 

4.909 

5.246 

5.523 

1850 

3.626 

4.163 

4.635 

5*045 

5.392 

5.677 

1900 

3.724 

4 275 

4.761 

5.181 

5.538 

5.830 

1950 

3.822 

4.388 

4.886 

5.318 

5.684 

5.984 

2000 

3.920 

4.500 

5.011 

5.454 

5.829 

6.137 

2050 

4.018 

4.613 

5.136 

5.590 

5.975 

6.291 

2100 

4.116 

4.725 

5.262 

5.727 

6.121 

6.444 

2150 

4,214 

4.838 

5.387 

5.863 

6.266 

6.597 

2200 

4.312 

4.950 

5.512 

6.000 

6.412 

6.750 


Mud Sills. — These vary from three to four and range from 
12 X 12 to 24 X 24 in. These arc used only with old-style 
wooden foundations. 

Cross Sills. — These range from 12 X 16 in. to 20 X 24 in. 






Mortar Blocks 1 



iR. H. Richaedt, “Ore Dressing, 1 ' Vol. I. 

(o) With witdth parallel to cam shaft, (b) 2 ft. thick, (c) For four batteries, (d) Planed and joined. ( e ) Length over all. 
The author i9 in doubt whether these are individual or combined mortar blocks. (/ ) Levelled by sand. 
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Economies in Mill Parts in South* African Gold Mills 1 

Stems. — Stems are made at many mines from old camshafts 
or by faggoting up three old stems, at a cost averaging about £3. 
Stems are also repaired by welding on any suitable scrap 
material. 

Cams. New Modderfontein. — Worn cams are brought 
up to shape by welding on pieces of rail or drill steel, at a cost 
of about £2 10s. per cam. The Knight Central fullers up the 
cams and, when necessary, welds in a piece pf drill steel. The 
cost is stated to be £1 per cam. Ferreira Deep, Ltd., draws 
out old worn cams from root Jbo standard size. This was the 
practice prior to the war. Crown Mines, Ltd., have made up a 
few cams by quasi-arc; first results not good; could be improved. 

Heads. Ferreira Deep, Ltd. — When badly worn in socket, 
arc heated up, compressed, re-bored, and put again into use. 

Shoes. — Several methods are being tried for replacing broken 
shanks on shoes. New Modderfontein welds a worn-out shoe 
on to the broken one. This is economical if the weld holds, but 
definite information on this point is not yet available. A more 
usual method is to draw a new shank out of the shoe under 
hammer, which makes a satisfactory job, not, however, invari- 
ably successful, variation in quality of steel sometimes causing 
the shoe to split. It is stated that two hours are required to 
form a new shank like this, so the cost would be about 10s. 
Rose Deep bores out shoe and shrinks in a mild-steel shank at a 
cost of about £1. Another mine converts old tappets into 
shoes by welding on a shank. 

Dies. — It is now the general practice to make dies by cutting 
an old head in two and filling holes with shoe shanks. This 
costs about 15s. for two dies. 

Camshafts. — Witwatersrapd Deep, Ltd., makes camshafts 
of five stems faggoted up together. Ojher mines weld up 
broken camshafts, with varying success. 

Blanton Gibs. — Crown Mines, Ltd., has found a gib with 
feather on key much superior to the gib with two pins. The 
holes for pins arc frequently drilled too deep and become p # 
source of weakness in camsliaftq. The keyway would appear 
to add 50 per cent, to life of camshafts. At Ferreira Deep, Ltd., 
all pin holes in camshafts are drilled in fitting shop to gage J^-i n. 
deep, by using flat-faced drill with sleeve on to prevent possi- 
bility of drilling too deep. Considers cutting key ways and 
fitting key an unwarranted expense. 

Mortar-box Liners. — At the Crown Mines, Ltd., mortar-box 
liners are made from old camshafts, at a cost 50 per cent, under 
imported ones. Similar liners are being made at som^ of the 
mines from old dies. 

Wood Guides. — In connection with the practice of reboring 
wood stem guides, the Knight Central, Ltd.,*finds it*pays to 
buy extra thick timber for the outside guides. In tjiis mil!* 

1 Excerpt from an article in Joum . Chem. Met. and Min. Soc. of S. A ., 
December, 1918, p. 89. 
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the inside guide against the girt cannot be more than 4 in. 
thick, but the outer one can be 4H in. This extra H in. gives 
a much longer life to half the guides. At the Ferreira Deep, 
Ltd., it is the practice to start guide with %-in. liner between 
halves, and as holes wear the liner is reduced until they come 
face to face; % in. is then cut away from the face of each half 
of guide block and restarted with a %-in. liner. The same 
procedure is carried out until blocks are completely worn out. 
Any odd hole worn out of proportion is lined with rawhide 
liner. By this mdchod an average life of seven years is attained. 
Other mines adopt similar methods for economies in guide 
blocks. At the Crown Mines,' Ltd., economy is achieved by 
lining guides with discarded leather (“Hendry”) belting. 
Leather lining is not a now idea, but tacking on strips is novel 
having the advantage of enabling the shape of the box to be 
maintained. Still further improvement is effected by battery 
screening. 

Boilers. — An interesting boiler repair job, which saved the 
company an expenditure of £300 on the boiler tubes, was carried 
out at the New Heriot Gold Mining Co., Ltd., Through 
removal for cleaning, the tubes of an F. & C. boiler, 104 in 
number, had worn out at the ends. By cutting 2 in. off each 
end of these tubes and 4 in. off the boiler shell, all the tubes 
could be used agjtin. The entire job cost £60. East Rand 
Proprietary Mines, Ltd., reported that the method was new 
to that mine. It is the practice to cut and weld tubes to suit 
the boiler, Jand the management considers this the better method 
At the Crown Mines, Ltd., shortening of boilers has been in 
practice with Sterling boilers in order to make further use of 
tubes; it is also being done to facilitate transport. 

Crushers. — The Bantjes Consolidated Mines, Ltd., carried 
out an economical repair job on a *30 by 12-in. Iladfield crusher. 
The engineer made *a pair of case-hardened toggles from cam- 
shaft at a cost for labor of £3 5s., which allows an ample margin 
for power costs and similar charges, compared with the imported 
price of £9 10s. From similar material a wedge block toggle 

r seat for 30 by 12 in. Iladfield crusher has been made. The 
Ferreira Deep, Ltd., uses F. & C. of Iladfield ’s 10 by 20 in. and 
12- by 30-in crushers. All toggles when worn badly are re- 
formed at a cost of 8 s. each. Broken toggle blocks are re-plated 
by mild-steel ones made at mine; also back wedges for fixed jaw 
faces. The East Rand Proprietary Mines, Ltd., have made 
wedge blocks and toggle seats from this material. Making 
crusher parts from old camshafts or suitable scrap has proved 
to be a valuable economy. 

Steam Stamps 

, The steam stamp is one in which a vertical stamp shaft is 
forced 'down to strike its blow, and lifted up preparatory to 
the next by means of a steam piston. The large ofies are used 
solely in the Michigan Copper Country. A small steam stamp, 
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the Tremain, built by the Gates Iron Works, has been devised 
for treating gold ore, the idea being that they would be light 
to pack for the capacity obtained, and could be quickly mounted 
and dismounted. 


Standard Mining Screens 1 


Mesh 

Wire No. 

Diam of 
wire, 
inches 

Diam. of 
aperture, 
inches 

Equivalent 
in milli- 
meters 

• J 

Per cent, 
of 

opening 

1" 

3 

0.2437 

0.7563 

19.81 



K" 

4 

0.2253 

0.5247 

13 33 



%" 

5 

0.2070 

0.4180 

10.62 



2 mesh 

8 

0.1620 

0.3380 

8.59 



2 }i 

9 

0.1483 

0.2517 

6.39 



3 

10 

0 . 1350 

0.1983 

5.04 



W2 

11 

0.1205 

0.1652 

4.20 



4 

12 

0.1055 

0.1445 

3.67 



4>2 

13 

0.0915 

0.1307 

3.32 



5 

13 . 

0.0915 

0.1085 

2.76 



6 

14 

0.0800 

0.0867 

2.20 



7 

15 

0.0720 

0.0709 

1.80 



8 

16 

0.0625 

0.0625 

1.59 



9 

17 

0 . 0540 

0.0571 

1.45 



10 

18 

0.0475 

0.0525 

1.33 



12 

19 

0.0410 

0.0423 

1.07 

25 

80 

14 

20 

0.0348 

0.0366 

0.93 

26 

01 

16 

22 

0.0286 

0.0339 

0.86 

30 

47 

18 

23 

0.0258 

0.0298 

0 76 

30 

24 

20 

24 

0.0230 

0.0270 

0.69 

29 

16 

22 

25 

0 0204 

0.0251 

0.64 

31 

35 

21 

26 

0 0181 

0.0256. 

0.60 

32 

27 

30 

28 

0 0162 

0.0171 

0 43 

27 

03 

40 

31 

0 0132 

0.0118 

0.30 

21 

.15 

50 

34 

0 0104 

0 0096 

0 24 

25 

00 

60 

36 

0 0090 

0 0077 

0.20 

18 

.45 

64 

37 

0 0085 . 

0 0071 

0 18 



70 

38 

0.0080 

0 0063 

0 16 

16. 

42 

80 

40 

0.0070 

0.0055 

0.14 

19 

36 


1 It. H. Richards, "On; Drowsing.” 


Rittingeh's sizes: Fine table ore, finer than 0.25 mm.; 
course table ore, 0.25-1 mm.; fine jigging ore, 1-4 mm.; coarse 
jigging ore, 4-16 mm.; lump ore, 16-64 mm. 


Standard Screen Sizes as Recommended by the Bureau of 
Standards 

Under the new standard a departure from any reference 
to mesh is made in either specifications or tolerances, the sieves 
V*ing designated by arbitrary numbers. This screen scale 
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is essentially metric. The sieve having an opening of 1 mm. 
is the basic one, and the sieves above and below this in the 
series are related to it by using the fourth root of 2, or 1.1892 
as the ratio of the width of one opening to the next smaller 
opening. 

U. S. Standard Sieve Series 


Sieve 

no. 

Sieve opening 

t 

Tolerance in 
average 
openings 
(limits) 

Wire cloth suggested lor 
commercial uses 

In. 

j 

Mm. 

Mesh 

Wire, 

in. 

Opening, 

in. 


.315 | 

8 00 

3119—. 3181 

2H 

.080 

.320* 

3 

.265 

6 72 

. 2624- . 2678 

2>! 

.135 

.265* 





3 

.072 

.261 

3 y 

223 

5 66 

.2208-. 2252 

3 

.120 

.213 





3M 

.063 

.223* 

4 

. 1S7 

4 . 75 

1852- 1888 

3 

.148 

.185 





4 

.063 

.187* 

5 

. 157 

3.99 

1555- . 1585 

4 

.092 

.158 



§ 


4H 

063 

.159 





5 

.041 

.159 

6 

.132 

3 36 

.1307-. 1333 

4H 

.092 

.130 





5 

.063 | 

137 





6 

.035 

.132* 

7 

.m 

2.83 

. 1099—. 1121 

6 

.054 

.113 





7 

.032 

.111* 

8 

.094 

2 38 

0922 - . 0958 

7 

.047 

.096 





8 

032 

.093 

10 

.079 

2.00 

.0775-. 0805 

7 

063 

.080 





8 

.047 

.078 





9 

.032 

.079* 





10 

020 

.080 

12 

.066 

1 68 

0647— .0673 

10 

.035 

.065 




i 

12 

.018 

065 




i 

12 

.017 

.066* 

14 

0557 

1*41 

0546 .0568 

12 

.028 

.065 





14 

.016 

.055 

16 

.0468 

1 19 

0459-. 0477 

14 

.025 

.046 





16 

.016 

.0465 





12 

.035 

.048 

18 

.0394 

1 00 

0387— . 0401 

14 

032 

.039 





16 

023 

0395 





18 

016 

.0396 

0 

.0331 

0.84 

0322-.0340 

18 

023 

.0326 





20 

.016 

.034 

5 

.0278 

0 71 

.027 -.0268 

22 

018 

.0275 





24 

014 

.0277 





24 

0135 

.0282 





24 

.013 

.0287 

30 

0234 

0.59 

.0227-. 0241 

24 

.018 

.0237 





26 

.015 

.0235 





28 

.013 

.0227 





30 

.010 

.0233 

35 

',0197 

0.50 

.0191-. 0202 

28 

016 

.0197* 





30 

.014 

.0193 





30 

.0135 

.0198 

1 

* 



30 

.013 

.0203 

40 . 

.0166 

0.42 

.0161-. 0170 

32 

.015 

.0163 





35 

.011 

.0176 





32 

.014 

.0173 
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U. S. Standard Sieve Semes. Continued 


Sieve 

no. 

| Sieve opening 

Tolerance in 
average 
openings 
(limits) 

Wire cloth suggested for 
commercial uses 

In. 

Mm. 

Mesh 

Wire, 

in. 

Opening, 

in. 

45 

.0139 

0 35 

0134- 0143 

40 • 

.011 

.014 




, 

45 * 

.009 1 

0132 





45 

.0085 1 

0137 

50 

.0117 

0.30 

0112,. 0121 

40 

.013 

012 





45 

Oil 

.0112 





45 

010 

.0122 





50 

.0085 

.0115 

60 

0098 

0.25 

0094 0101 

55 

.0085 

.0097 





60 

.007 

0097 





60 

.0066 1 

.0101 

70 

.0083 

0 21 

.0079- 0086 

60 

0085 

0082 





60 

.008 

0087 





64 

007 

.0086 





70 

.0062 

.0081 

80 

0070 

.177 



.0047 

0070* 

100 

0059 

.149 



.0040 

.0059* 

120 

.0049 

.125 



.0034 

.0049* 

140 

.0041 

.105 



0029 

.0041* 

170 

.0035 

.088 



.0025 

.0035* 

200 

.0029 

.074 



0021 

0029* 

230 

0025 

.062 



0018 

.0025* 

270 

0021 

1 .053 



.0016 

0021* 

325 

.0017 

044 

i , 


.0014 

0017* 


* Both standard and commercial. 


Standard Sand and Cement Sieves 1 


Sieve no. 

Sieve opening, 
in. 

Wire diameter, 
in. 

Tolerance in wire 
diameter 

20 

0.0335 

' 0 0165 

± 0.0005 

30 

0 0223 

0 0110 

±0 0005 

100 

0 0055 

0.0045 

± 0.0003 

200 

0.0029 

0.0021 

± 0.0002 


1 Taken from Bur. Standards Circ. 39. 
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Commercial Bolting Cloth 


Silk bolting cloth 

Equivalent 
gritz XXX 

Gauze stand- 
ard gritz 

Number 
of cloth 

Mesh 

XX cloth 

XXX cloth 

Number of 
XXX gauze 

Number of 
standard 

0000 

18 


16 

18 

000 

23 


22 

24 

00 

29 


28 

30 

0 

38 


40 

44 

1 

48 


46 

50 

2 

54 


50 

54 

3 

58 


54 

58 

4 

62 


58 

62 

5 

66 


64 

68 

6 

74 


72 


7 

8G 

74 



8 

86 

82 


• 

9 

97 

86 



10 

109 

97 



11 

116 

109 



12 

125 

116 



13 

129 

125 



14 

139 

129 



15 

150 

139 



16 

157 

150 



17 

163 

157 



18 

166 t 

163 * 



19 

173 




20 

178 




21 

182 




r 25 

200 





Cloth and gauze both 40 in. wide. Cloth comes in four weights: Standard, 
X, XX, and XXX. Mesh is exact count per linear inch. 
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Tyler Standard Screen Scale 


Ratio Va 

or 1.414 

Mesh 

Diam. wire, dec. 
of an inch 

Opening in 
inches 

Opening in 
millimeters 

1.050 

26.67 


0.149 

0.742 

18.85 


0.135 

0.525 

13 . 33 


0.105 

0.371 

9.423 . 


0.092 

0.263 

6.680 

3 

0.070 

0.185 

4.699 

4 

0.065 

0.131 

3.327 

6 

0.036 

0.093 

2.362 

8 

0.032 

0.065 

1.651 

10 

0 035 

0.046 

1 168 

14 

0.025 

0.0328 

0.833 

20 

0.0172 

0.0232 

0.589 

28 

0 0125 

0.0164 

0.417 

35 , 

0.0122 

0.0116 

0.295 

48 ' 

0.0092 

0.0082 

0.208 

65 

0.0072 

0.0058 

0.147 

100 

0.0042 

0 0041 

0.104 

150 

0 0026 

0.0029 

0 . 074 

200 

0.0021 


I. M. M. Standard Lauohatoky Screens 1 



Diameter of wire 

Aperture 

Screening 
area, 
per cent. 


Mm. » 

In. 

Mm. 

> 

5 1 

0.1 

2.540 

0.1 

s 

2.540 

25.00 

8 

0.063 

1.600 

0.062 

1 . 574 

24.60 

10 

0.05 

1.270 

0 05 

1.270 

25.00 

12 

0.0417 

1.059 

a . 0416 

1.056 

24.92 

16 

0.0313 

0.795 

0.0312 

0.792 

24.92 

20 

0.025 

0.635 

0.025 

0.635 

25.00 

30 

0 0167 

0.424 

0.0166 

0.421 

24.80 

40 

0.0125 

0.317 

0.0125 

0.317 

25.00 

50 

0.010 

0.254 

0.01 

0.254 

25.00 

60 

0.0083 

0.211 

0.0083 

0.211 

24.80 

70 

0.0071 

0.180 

0.0071 

0.180 

24.70 

80 

0.0063 

0.160 

0.0062 

0.157 

24.60 

90 

0.0055 

0.139 

0.0055 

0.139 

24.50 

100 

0.005 

0.127 

0.005 

0.127 

25 00 

120 

0.0041 

0.104 

0.0042 

0.10> 

25.40 

150 

0.0033 

0.084 

0.0033 

1 0.084 

24.50 ; 

200 

0.0025 

0.063 

0.0025 

0.063 

25.00 


. 1 E. A. Smith, “ Sampling and AsBay of the PrcciouB Metals." 
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c 

Sizes of Round and Slot-punched Plate Screens 


Needle number 
of Bcreen 

Approximate mesh 
of wire cloth to 
which openings 
correspond 

Width of slot or 
diameter of hole 
in inches 

Width of slot or 
diameter of hole 
in millimeters 

1 

12 

0.058 

1.47 

2 

14 

0.049 

1.25 

3 

, 16 

0.042 

1.07 

4 

* 18 

0.035 

0.89 

5 

20 

0.029 

0.74 

0 

25 

0.027 

0.69 

7 

30 

0.024 

0.61 

8 

35 

0.022 

0.50 

9 

40 

0.020 

0.51 

10 

50 

0.018 

0.46 

11 

55 

0.0165 

0.42 

12 

60 

0 015 

0.38 

13 

70 

0.013 

0.33 


The needle-number ^1 b the number of the standard sewing needle that will 
just pass the screen. 

Table taken from MacFarren’b '‘Stamp Milling and Amalgamation.’* 


CONCENTRATION 

The processes by which concentration may be carried on are: 
hand picking, wet-gravity separations (jigging, vanning, etc.), 
amalgamation, magnetic, electrostatic, pneumatic, adhesion or 
flotation, crushing and screening, decrepitation and screening, 
by varying electric conductivity. A short list of the chief 
concentrating machinery follows: • 

Ball -Norton Magnetic Separator. — This consists of two 
revolving drums. Within each of these drums is a series of 
stationary electromagnets extending the working length of the 
drum, but corresponding only to a portion of the periphery. 
•The ore is fed on the top of the first drum,, and as the drum 
revolves, the magnetic particles adhere to it, while the non- 
magnetic fall into a tailings bin below. The magnetic particles, 
as soon as the portion of the drum on which they are passes 
beyond the magnets, are thrown off by centrifugal force against 
the second drum. This either rotates faster or has a weaker 
magnetic field than the first drum, so that those particles least 
strongly attracted by the first drum fall from the second, 
making a middlings product. 

Bartlett Table. — This is a three-deck Wilfley, the second 
deck re-treating the material from the first and the third deck 
re-treating the material from the second. An increasing 
amount* of wa^n water is used on the successive decks. 

* Bilharz, Corning, Luhrig and Stein Tables. — These are side- 
bump tables having a table surface made of an endless traveling 
belt which has a plane surface. 
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Bumping and Jerking Tables. — These machines use mechan- 
ical agitation to bring the light and the heavy grains into their 
respective layers on a washing surface, and they use a bumping 
or jerking action to convey the heavy grains to one side or the 
other of the machine, while the current of surface water conveys 
the light grains to another side or end. They may be either 
side-bump, having the bump or jerk at right angles to the flow 
of the water, or end-bump, having the bump or jerk in the 
opposite direction from the flow of the water. See Kittinger, 
Bilharz, Wilfley, Barlett and OverstAom for side-bump 
tables. For further information see these types and “ena- 
bump” tables. 

Canvas Tables. — These are inclined rectangular tables 
covered with canvas. The pulp, to which clear water is added 
if necessary, is evenly distributed across the upper margin. As 
it flows down, the concentrates settle in the corrugations of the 
canvas. After the meshes are filled, the pulp feed is stopped, 
the remaining quartz is washed off with clear water, and finally 
the concentrates removed (by hose or brooms). 

Card Concentrator. — A table made of two planes having a 
flexible joint between them dividing the table into two nearly 
equal triangles, forming a diagonal line along which concen- 
trates and tailings part company. 

Conkling Magnetic Separator. — The ore is fed on a conveying 
belt which passes under magnets, below which belts run at 
right angles to the line of travel of the main belt. The magnetic 
particles are lifted up against these cross belts and are thus 
removed. 

Deister Table. — This is a riffled table in which the angle 
between the line of termination of the riffles and the direction 
of motion is not- so acute as in the Wilfrey. It is also wider 
and shorter. The top is rhemboidal. 

Ding’s Magnetic Separator. — Material *is fed up a vibrating 
conveyor and passes through successive zones of separation. 
These zones are covered by the rims of rotating wheels which 
carry secondary magnets. These carry the magnetic particles 
out of the field, are demagnetized, and drop the concentrates.’* 

Dodd Buddie. — A round table resembling in operation a 
Wilfley table, and also like the Pinder table ( q.v .) except that 
it is convex instead of concave. The table does not revolve but 
has a peripheral jerking motion imparted to it circumferentially 
by means of a toggle movement. 

End-buinp Tables. — The heavy and light materials are sepa- 
rated by agitation and are propelled up the slope of the table by 
bumping action, but the wash water carries down the surface 
quartz at a higher speed than the bump can send it ifp. The 
Gilpin County, Imlay and Golden Gate concentrators are the 
chief types. 

Ferraris Table. — This table has a plane rubBer belt traveling 
between rollers furnished with broad flanges to keep the belt in 
line. It has a slope from side to side. The feed is at an upper 
comer, and washing is by jets directed across the table. 
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Film-sizing Tables. — These use the relative transporting 
power of a film of water flowing on a quiet surface, which may be 
either rough or smooth, to act upon the particles of a water- 
sorted product. The smaller grains, of high specific gravity, 
are moved down the slope slowly or not at all by the slow under- 
current; the larger grains, of lower specific gravity, are moved 
rapidly down the slope by the quick upper current. These 
tables may be classified as: Surface tables, from which the 
products are removed before they have formed a bed, so that the 
washing is always Hone on the same surface; and building tables 
or buddies, on which the products are removed after they have 
formed a bed. * 

Frue Vanner. — This consists essentially of a rubber belt 
traveling up a slight inclination. The material to be treated is 
washed by a constant flow of water while the entire belt is 
meanwhile shaken from side to side. Other vanners of the side- 
shake type are the Tllloch, Johnson and Noj^bom. 

Gates Canvas Table. — A large form of inclined canvas table 
in which the pulp is first classified, then distributed along the 
upper edge of the table. The concentrates are caught in the 
warp of the canvas and after this is full, treatment must be 
stopped while the concentrates are swept or sluiced off. 

Grondal . — -A magnetic separator consisting of a vertical 
revolving cylinder made up of rings of cast iron with the spaces 
between containing the wires for the electric current. Each 
ring is so magnetized as to be a little stronger than the one 
above. There is another cylinder of wood studded with soft 
wrought-iron pegs, a ring of pegs being opposite each cast- 
iron ring. The magnetic portion of the ore (usually crushed 
below 12 mesh) is carried around on the cast-iron rings until it 
gets near the pegs, to which it jumps because of their induced 
magnetism. It is then carried on these pegs out of the magnetic 
field and thrown off.*' 

Hallett Table. — This is like the Wilfley except that the tops 
of the riffles are in the same plane as the cleaning planes and the 
riffles are sloped toward the wash-water side. 

* Hancock Jig. — A jig with movable sieve having both an 
up-and-down and a reciprocating motion. 

Harz or Plain Eccentric Jig. — One in which pulsion is given 
intermittently with suction. The periods devoted to them are 
about equal. 

Huff Separator. — An electrostatic machine depending on the 
repelling and attracting action of electrically charged particles. 
The feed is passed over a roller, and the constituents take various 
electrical charges according to conductivity and are repelled 
accordingly. This machine is superseding the old Blake type. 

Isbell Table. — A table with a reciprocating motion in which 
there is no cross wash water. The bed of pulp is deep as in a 
jig, and' heavy iViaterial goes to the bottom. The concentrates 
*apd tailings are then split by means of a cut-out which can be 
adjusted vertically to skim at any height desired. The riffles 
make an angle of about 20° with the line of motion of the table. 
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James Concentrator. — The table deck is divided into two 
sections, flexibly joined together on a line oblique to the line of 
motion of the table. One section is riffled for the coarse 
material while the other section is smooth, to allow the settling 
of the fine particles which will not settle on a riffled surface. By 
means of the joint, the slope of the sections can be varied 
independently. 

Johnston Vanner. — The chief difference between this and 
a Frue ( q.v .) is that the belt is given an undulating motion, 
designed to prevent sands from piling up agaiiist the edges of the 
belt. 

Kieves. — These are strong tubs with sides flaring upward, in 
which separation is effected by mechanical agitation in a deep 
mass of thick pulp. Stirring paddles are used for preliminary 
mixing, and hammers or heavy striking bars for the final separa- 
tion. They are used to finish the concentration of fine products 
that are nearly rich enough to ship. 

Log Washer. — This is a slightly slanting trough in which 
revolves a thick shaft or log, carrying blades obliquely set to the 
axis. Ore is fed in at the lower end, water at the upper. The 
blades slowly convey the lumps of ore uphill against the current, 
while any adhering clay is gradually disintegrated and floated 
out the lower end. 

Overstrom Table. — A Wilfley squeezed out into a diamond 
shape (rhomboid), thus eliminating the waste corners. 

Pinder Concentrator. — A revolving table on which are tap- 
ering spiral copper cleats on a linoleum cover. The tailings are 
washed over the riffles and off the edge while the concentrates 
are delivered at the end of the riffles. 

Richard’s Pulsator Jig. — An outcome of the pulsator classi- 
fier, in which a pulsating column of water is used in the jig. 

Rittinger Table. — A side-bump table with plane surface, using 
a cam, spring and bumping post. * 

Spitzlutte. — This is a classifying device consisting of a V- 
shaped box, as distinguished from the pyramidal boxes of the 
spitzkasten. Classification is dependent on the force of a 
stream of water admitted at the bottom. J 

Sutton, Steele and Steele Dry Table. — A concentrator of the 
Wilfley type in motion, but instead of using water, stratifica- 
tion is by means of rising currents of air. The heavy grains are 
pushed forward by the head motion, while the lighter grains 
roll or flow down the slope toward the tailing side. 

Triumph Concentrator. — This machine resembles a Frue 
vanner ( q.v.) y but the shaking motion is endwise instead of side 
to side. 

Trough Washer. — This is used to float adhering claywor fine 
stuff from the coarser portions of an ore. In its simplest form 
H is a sloping wooden trough, \ x /i, to 2 ft. wide, 8 to 12 ft. long 
and 1 ft. deep, open at the tail end, but closed a'b the he&d end. 

Ullrich Magnetic Separator. — These machines have powerful* * 
electromagnets of wedge section. The material is treated on 
rolls on which magnetism is induced. They consist of alternate 
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disks of soft iron and some non-magnetie material. The ore is 
fed over the first roll, which removes the most magnetic mate- 
rial, and the tailings go on to the second which is weaker, where 
a second separation is made. 

Vanner. — See Frue vanner for general description of the side- 
shake type. There is also an end-shake type, which includes 
the Triumph concentrator, Embry concentrator, and Wood- 
BtTRY vanner, and a gyrating type, the Ellis. A 4-ft. vanner 
may take up to 13 gal. of water per minute and the weight of 
water to dry sandVnay rise to 10.7: 1. The pulp bed may be as 
much as 0.45 in. thick. 

Wetherill’s Magnetic Separator. — Parallel form. Two flat 
belts, the upper of which is the wider, run parallel to each other. 
The magnets are long and set obliquely to the belts. Conse- 
quently magnetic particles are drawn up against the upper belt, 
move diagonally out and as they pass beyond the influence of 
the magnets, fall from the edge past the other belt into a con- 
centrates bin. Another form operates by belts moving across 
the fine of travel of the main belt. 

Wilfley Slimer. — A form of shaking canvas table which is 
given a vanner motion. 

Wilfley Table. — A side jerk table with a riffled surface. The 
light and heavy grains are separated into layers by agitation, 
and the ierking action then throws the heavy grains toward the 
head end, while the light grains are washed down over the cleats 
into the tailings box. The table tapers toward the head end, 
and the riffles are progressively longer toward the tailings side. 
The Dodd, Cammett, Hallett and Woodbury are very like it. 

Woodbury Jig. — A jig with a plunger compartment at the 
head end, so that the material is given a classification in the 

jig. 

Woodbury Table. — A table of ‘the general Wilfley-Over- 
strom-cakd type, With the riffles parallel to the tailing side, 
and a hinged portion without riffles (unlike the Card). The 
table top is a rhomboid, and the riffles gradually shorten as 
* they near the tailings side. 

CONCENTRATING AND CYANIDING MACHINERY 

The following list includes the most important types of con- 
centrating and cyaniding machinery not already described 
under crushing and concentrating equipment. 

Akins Classifier. — A classifier of the free-settling type, in 
which the heavy material is driven up an inclined plane by 
means of an interrupted-flight screw conveyor. 

BlaisftlelL Reclaiming Apparatus. — Apparatus for automati- 
cally discharging sand tank having a central bottom opening. 
Consists of a central vertical shaft carrying four arms fitted with 
round plow dis&s. Sand is plowed toward central opening and 
^discharged on a conveyor belt. 

Blaisdell Loading Machinery — Apparatus for loading sand 
tanks. Consists of a rapidly revolving disk with curved radial 
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vanes. Disk is hung on a shaft in tank center. Sand dropped 
on disk is distributed over the entire tank area. 

Brown Tank. — As ordinarily used it is a cylindrical tank 45 ft. 
high and 15 ft. in diameter, ending at the lower end in a 60° 
cone. Within the tank is a hollow column about 15 in. in 
diameter extending from about 18 in. of the bottom to within 
about 8 in. of the top. A 13^-in. air pipe discharges air upward 
at and into the tube. The apparatus works on the air-lift 
principle, the pulp in the tube being lightened by the air, flowing 
upward, and being discharged at the top, rn^re pulp flowing in 
at the bottom to take its place. 

Bunker Hill Screen.— A rotating screen shaped like a funnel. 
Material is delivered inside the funnel, undersize passing 
through the screen while the oversize is discharged through the 
funnel neck. 

Burt Filter. — This is a stationary, intermittent filter in which 
the leaves are suspended vertically in a round tank set on a con- 
siderable incline. The leaves are therefore ellipses. The slime 
cake is discharged by introducing air and water into the interior 
of the leaf. There is also a newer Burt filter of the continuous 
rotating-drum type. 

Butters Filter. — This is a stationary, intermittent vacuum 
filter. The leaves are arranged in a box having a pyramidal 
bottom. When the pulp is introduced a vacuum is applied 
until a cake from 1 to 2 in. in thickness is formed. The surplus 
solution is then removed from the box and wash solution or 
water introduced. After removing the wash solution, either 
the box is filled with water or the cake dropped and sluiced out. 

Callow Screen. — A classifying screen using the traveling-belt 
principle, the screen cloth forming the belt member. It passes 
over two drums, or pulleys, oversize being discharged while the 
belt travels under the drums. 

Callow Cone.— This is a feonical settling tank with vertical 
central feed, peripheral overflow, annular launder to collect 
and convey away the overflow, and a spigot in the form of a 
gooseneck to discharge the tailings. 

Callow Cone Test on Butte Copper Slimes ' 



Total gal. 
per min. 

Grams per 
gal. i 

Tons per 
24 hr. 

Assay 
per cent. I 
Cu 

0*. As 
per ton 

Feed 





2.81 

Overflow 

1495.0 



1.815 

2.36 

Spigot product. . 




3.5 

3.34 


Deline Filter Press. — One of the best known of the standard 
plate-and-frame presses, which see. i » 

Dorr Agitator. — An agitating machine based on the thickener 
principle. It is essentially a Dorr thickener equipped with a 
central air-lift. 
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Dorr Classifier. — A ifiachine to diminish the amount of 
water required for classification by raking the heavier grains 
up an inclined plane against a light current of water, which 
washes away the lighter material. It is of the intermittent type. 

Esperanza Classifier. — A classifier of the free-settling type in 
which the settled material is removed by dragging it up an 
inclined plane by means of a continuous belt of flat blades or 
paddles. This is continuous in its operation. 

France Screen. — A traveling belt screen in which the screen- 
cloth is mounted qp a series of separate pallets, thus avoiding 
bending the screen as it goes over the pulleys. 

Hunt Continuous Filter. — A horizontally revolving continu- 
ous vacuum filter. It consists of an annular filter bed, usually 
of triangular wooden slats filled with coarse sands. The 
vacuum withdraws part of the pulp moisture as soon as the bed 
is formed. A spray then washes it after which the vacuum 
dries it and the material is then scraped off. 

Hydrotator Classifier. — This consists of a circular tank in 
which there is a free-settling zone at the top; beneath that is a 
turbulent zone, a portion of the water being drawn off and 
returned from the top of this zone through an inverted lawn 
sprinkler near the*bottom of the tank. The effluent from the 
“lawn-sprinkler” stirs the sand on the bottom and assists in 
desliming it. The hydraulic water is also introduced by the 
“lawn sprinkler.” The upward velocity in the turbulent section 
is the volume of the hydraulic water plus the feed water plus 
the water drawn off at the top of the turbulent zone less the 
sand-discharge water divided by the effective area. The 
upward velocity in the free-settling zone is the volume of 
hydraulic water plus feed water less the sand-discharge water 
divided by the effective area. 

Impact Screen. — A type in whicji the screen moves with the 
load of material, bringing up against a stop so as to throw the 
material forward on it. The imperial is probably the best 
known type. 

Imperial Screen. — A pulsating screen in which the ore is 
Jthrown up in the air as well as moved forward over the screen. 

Kelly Filter . — This is an intermittent, movable pressure 
filter. The leaves are vertical and are set parallel to the axis of 
the tank. Pulp is introduced into the tank (a boiler-like 
affair) under pressure and the cake formed. The head then is 
unlocked and the leaves run out of the tank chamber, by means 
of a small track, and the cake is dropped. The carriage and 
leaves are then run back into the tank and the cycle begun 
again. 

King £>creen. — A drum-type screen in which the pulp to be 
screened is 'delivered on the outside, the undersize passing 
through the screen and discharging through the open end. 

Maxton Screen* — A screening machine of the trommel class, 
*pen at each end and rotating on rollers supporting the tube 
through tires at each end. There arc radial elevating ribs, to 
prevent w$ar of screen cloth and to elevate the oversize. 
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Unscreened material is delivered on »the inside screen surface, 
undersize passing through and oversize being elevated and 
discharged into a separate launder. 

Merrill Filter Press. — A variation of the plate-and-frame 
press. 

Moore Filter Press. — The best known of the movable, inter- 
mittent vacuum filters. A series, “or basket,” of leaves is fast- 
ened together in such a way that it may be dropped in a pulp 
tank and kept submerged until a cake is formed. It is then 
transferred by crane to an adioining wash-solution tank and 
washed. The basket is then lifted out of*this and the cake 
dropped. 

Newaygo. — A slanting screen down which the material to be 
screened passes. The screen is kept in vibration by the impact 
of a vast number of small hammers. 

Oliver Continuous Filter. — This consists of a revolving drum 
prepared as a leaf-filtering surface and divided into com- 
partments, each of which is connected to a vacuum pipe and 
to a pipe for admitting compressed air. The drum is partly 
immersed in a tank or box of thick pulp and revolves at a slow 
rate of speed. The vacuum causes a to J^-in. slime cake to 
form; after emerging, the solution is sucked »ut of the adhering 
cake; a wash is then given and displaced by air as far as possible; 
and finally the cake is dropped by compressed air. 

Ovoca Classifier. — A classifier of the free-settling type in 
which the heavy material is removed by a double-screw, con- 
tinuous-flight conveyor, working up an inclined plane. 

Pachuca Tank. — Same as the Brown tank. 

Paddle-wheel Agitator. — The simplest form, in which the 
solids arc kept in suspension by paddles. Tt is difficult to do 
with sand, the machine being difficult (if not impossible) to 
start if sand packs around the blades, and it is expensive both in 
operating and in repair costfe. 

Parral Agitator. — An agitator using a* number of small air 
lifts disposed about a circular, flat-bottomed tank in such a 
way as to impart a circular swirling motion to the pulp. 

Patterson Agitator. — An agitator of the pACHUCA-tank type 
m which the air is replaced by solution or water, under pressure* 
from a centrifugal pump. 

Plate-and-frame Filter Press. — The old style press. It 
consists of plates with a girdiron surface alternating with 
hollow frames, all of which are held by means of lugs, on the 
press framework. The corners of both frames and plates 
are cored to make continuous passages for pulp and solution. 
The filter cloth is placed over the plates. The pulp passageway 
connects with the large square opening in the frame; the solu- 
tion passageways with the girdiron surface of the plaJte. The 
Dehne and the Merrill are well-known types. 

Portland Filter. — A rotary suction filter similar in general 
arrangement to the Oliver. 

Richard’s Pulsator Classifier. — A classifier operating by a 
pulsating current of water without a screen. The pulp grains 



476 METALLURGISTS AND CHEMISTS’ HANDBOOK 


fall through a sorting coliimn against an upward pulsating cur- 
rent of water. 

Ridgeway Filter. — This is a horizontal revolving, continuous 
vacuum filter. The surface is an annular ring consisting of 
separate trays with vacuum and compressed air attachments. 
The filtering surface is on the under side, the trays being dipped 
into the tank of pulp to form the cake, and then lifted out of it. 

Richard’s Shallow-pocket Hindered-settling Classifier. — A 
series of pockets through which successively weaker streams of 
water are directed upward. The material that can settle does 
so and is drawn off* through spigots. 

Sherman Settler. — A scries of cylindrical tanks with conical 
bottoms having central feed and a peripheral overflow. The 
tanks continually decrease in depth and increase in diameter. 
Superthickener. — Essentially a cylindrical tank having a 

P ermanent porous false bottom supporting a destructible filter 
ottom several feet thick composed of fine granular particles. 
Thickening takes place both by overflow of a clear decantate 
and by the underflow of a filtrate. The filter bottom (sand or 
the like) is slowly cut away by a spiral sweep, thus continually 
giving a fresh unclogged filter bed. The superthickener is the 
invention of H. S. £Joe. 

Trent Agitator. — This agitator has the arms of the paddle- 
wheel type, but they are hollow, and pulp solution or air is 
discharged from nozzles on these arms, thus causing the stirrer 
to rotate. 

Trommel. — A revolving screen set at an angle. The material 
to be screened is delivered inside the trommel at one end. The 
fine material drops through the holes; the coarse is delivered at 
the other end. 

Vibracone. — A vibrating screen manufactured by the Step- 
hens- Adamson company, in which the feed is from a saucer- 
shaped distributor onto a conical si/rfacc kept in vibration by a 
ratchet motion. * 

THICKENER CALCULATIONS 

* Let it be supposed that a test sample has been prepared 
showing a proportion of water to solids of 14.04 to 1 ana that 
after 17 hr. the pulp has settled to 1.13 parts of water to 1 of 
solids and only to 1.12 to 1 after 24 hr., then evidently the 
economic point of thickening is 1.13 to 1. Settlement tests 
show an average rate of 1.78 in. per hour, hence there can be 
decanted 1.78 cu. ft. times 62.3 or 111 lb. of water per hour 
per square foot of tank surface. Since the feed contains 14.04 
water to 1 of solids and the discharge 1.13 water to 1 of solids the 
overflow •must contain the difference between the two ratios 
or 12.91 parts of water in the overflow to 1 part solids settled 
and is u.i lb. per hour. The solids consequently represent 
&59 lb. solids settled per hour or 206 lb. of solids in 24 hr. For 
a ton there would then be required 9.7 sq. ft. for 24 hr. which is 
the capacity of the tank with the dilution given. 
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The computations may be expressed in the following formula 
Square feet of tank surface required per ton dry per 24 hr. = 
(F - D)2000 
EX 62.3X24 


where R — Rate of settlement in feet per hour, 

F = Parts of water to 1 part solids in feed, 

D = Parts of water to 1 part solids in discharge. 


The series of tests which follow the first one will give the 
following factors and capacities: * 


R 

F 

i 

F - D 

Square feet tank 
surface required 
per dry ton per 
24 hr. 

1.250 

11.18 

10.05 

10.70 

0.666 

8.32 

7 19 

14.40 

0.464 

6.89 

5 75 j 

16.60 

0.345 

5 47 

4 34 

16.85 

0.2331 

4 03 

2 90 * 

16.65 

0.150 

2 . 607 

1.477 ! 

13.10 


The series of tests show that 16.85 sq. ft. of surface will be 
required for each ton settled. 

With 8 parts of liquid to one of solids the settling area required 
by Dorr thickeners ranges from 5 to 25 sq. ft. per ton of solids. 

Working Data for Harz Jigs. — The proper length of stroke and 
the proper number of strokes for various sized grains is shown 
by the curve Fig. 1. For 
extra close work and in lack 
of other data the capacity 
of a jig in tons per 24 hr. per 
square inch of screen sur- 
face may be taken as low as 
(d)^/100, where d is the 
average diameter of grain 
fed in millimeters. For 
roughing work and on easy 
problems the capacity fig- 
ure given by this formula 
may be greatly exceeded. 

It may run to as high as 
{d)H /20. The average ca- 
pacity is nearer to the last 
figure. 

Engineering Data on the 
Classifiers. — Complete » 

data on the performance of these machines is very difficult to 
obtain. The data given below is the most complete for the 
installations given that it has been possible to gatner, 
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The question of the capacity of the Dorr and Akins machines 
for any mesh separation desired in terms of dry tons is a ques- 
tion which cannot be answered owing to the number of varying 
factors affecting tonnage. Among these factors are the pro- 
portion of moisture entering the classifiers, the screen analysis 
of the material entering, the readiness with which the finer 
portions will settle, etc. The tabulation given below is approxi- 
mately correct for the varying factors which it illustrates. To 
convert the tonnage into cubic feet capacity multiply by 22. 
The power required does not exceed 0.01 to 6.02 hp. per ton of 
dry material treated daily. 

Utah Copper Company 

54-in. Standard Akins Classifier 

Feed: 

Tonnage to classifier per 24 hr., 1050 tons dry. 


Per cent, of solids 37 50 

Per cent, of moisture 62.50 

Ratio of water to solids 1% 

Products of Classifier: 

Sands raised t>30 tons per 21 hr., dry. 

Per cent, of solids 60.63 

Per cent, of moisture 39 37 

Ratio of water to solids 0.65 

Slimes overflowing 420 tons per 24 hr., dry. 

Per cent, of solids 25.16 

Percent, of moisture 74.84 

Ratio of water to solids 2.98 


Herrons 

Feed, 

per cen f 
wei*?ht of 
material 

Sands, 
per cent, 
weight of 
material 

Slimes, 
per cent, 
weight of 
material 

Openings, 

in. 

Mesh 

Diameter 
•wire, in. 

0.263 

3 

0.070 

0 08 

0.55 


. 0.185 

4 

0.065 

0 06 

0.17 


0.131 

6 

0 036 

. 0.36 

0.70 


0.093 

8 

0.032 

0.52 

1.16 


0.065 

10 

0.035 

1.19 

2.63 


0.046 

14 

0.025 

2 . 22 

4.62 

0.07 

0.0328 

20 

0 0172 

5 36 

9.92 

0.33 

0.0232 

28 

0 0125 

11.13 

20 72 

1.25 

0.0164 

35 

0 0122 

16 35 

21.40 

7.04 

0.0116 

48 

0.0092 

9.91 

10.17 

9.16 

0.0082 

65 

0.0072 

10 02 

7.81 

9.70 

0.0058 

'.100 

0.0042 

6.07 

3.60 

7.94 

0.0041 

150 

0 0026 

4.74 

2.52 

7.63 

0.0029 

206 

0.0021 

3.79 

1.28 

5.23 

• . . . . 

280 



0.63 

2.53 


t hrough 


28.20 

12.12 

49.12 


280 
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United Eastern *Mill 

Special 3 ft. 0 in. Wide by 14 ft. 8 in. Long Dorr Simplex Classifier 
Feed : 

Tonnage to classifier per 24 hr. 610 tons, dry. (This 
classifier working in closed circuit with a ball mill. 
Original rate of feeding 280 tons per 24 hr.) 
Slope of classifier, 3 in. per foot 
Speed, 34 strokes per minute. 

Per cent, of moisture * . . . . 39 2 

Per cent, of solids 60.8 

Ratio of water to solids 0.65:1 

Products of Classifier: 

Sands raised 330 tons per 24 hr., dry. 

Per cent, of solids 80.0 

Per cent, of moisture 0 0 

Ratio of water to solids 0.25: 1 

Slimes overflowing 280 tons per 24 hr., dry. 

Per cent, of solids . 47 5 

Per cent, of moisture 52.5 

Ratio of water to solids , . . 1.11:1 



Screens 


Feed, 

Sands, 

Slimes, 
per cent, 
weight of 
material 

Openings, 

in. 

McBh 

Diameter 
wire, in 

weight of 
material 

weight of 
material 

0.263 

0.185 

0.131 

0.093 

0 065 

3 

4 

6 

8 

10 

0.070 
0.065 
0.036 ‘ 

0 032 
0.035 

4.4 

• 

6 4 


0.046 

14 

0 025 

12 2 

18 3 


0.0328 

20 

0 0172 

11 6 

17.9 


0.0232 

28 

0 0125 

9 6 

5 8 


0.0164 

35 

0 0122 

7 8 

12.3 


0 0116 

48 

0.0092 

5 2 

10.8 

1.2 

0.0082 

65 

0.0072 

5 0 

6 2 

3 0 

0 0058 

100 

0.0042 

4.8 

4 5 

6.4 

0.0041 

150 

0.0026 

3 8 

2 1 

6.6 

0.0029 

200 

0.0021 

0 4 

0 6 

5.2 


through 

200 


35 2 

5.1 

77.6 

— * 
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Tifflbef Butte Milling Co. 

45-in. Submerged-type Akins Classifier with Overflow 
Raised 10 in. 

Feed: 

Tonnage to classifier 350 tons per 24 hr., dry. (Feed 
consists of tailings from Wilfley roughing tables, 
zinc department of mill.) 

Slope of classifier in. to 1 ft.; 8 r.p.m., power 


required to drive 1.39 hp. 

Per cent, of solids 41.40 

Per cent, of moisture •. 58.60 

Ratio of water to solids 1.42 

Products of Classifier: 

Sands raised 217 tons per 24 hr., dry. 

Per cent, of solids 76.3 

Per cent, of moisture 23.7 

Ratio of water to solids 0.31 

Slimes overflowing 133 tons per 24 hr., dry. 

Per cent, of solids 23 7 

Per cent. o£ moisture 76.3 

Ratio of water to solids 3.2 


Screens 

Feed, 
per cent 
weight of 
material 

Sands, 
per cent, 
weight of 
material 

Slimes, 
per cent, 
weight of 
material 

Openings, 

in. 

Mesh 

Diameter 
wire, in. 

0.263 

3 

0.070 




0.185 

4 

0.005 

A 



0.131 

6 

6.036 




0.093 

8 

0 032 




0.065 

10 

0.035 




0.046 

14 

0 025 

27.0 

55 0 


’ 0.0328 

20 

0.0172 

11 0 

13.0 

1.9 

0.0232 

28 

0 0125 

' 9 0 

9.0 

9.6 

0 0164 

35 

0.0122 

7.0 

5.0 

10.3 

0.0116 

48 

0 0072 

7.0 

4.0 

9.8 

0.0082 

65 

0.0072 

6 5 

2.0 

8.4 

0.0058 

100 

0.0042 

5.0 

2.0 

7.2 

0.0041 

150 

0.0026 

5.0 

1.5 

6.8 

0.0029 

200 

0.0021 

2.5 

1.5 

7.5 


through 


20.0 

7.0 

38.5 

• 

200 
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Capacity op Dorr and Akins Classifiers per Foot op 
* Width 


Mesh of 
separa- 
tion 
desired 

1 

Overflow 
capacity, 
tons dry 
per 24 hr. 

i 

Raising 
capacity, 
tons dry 
per 24 hr. 

Dorr, 

strokes 

per 

min. 

Akins, 
revolu- 
tions of 
spiral per 
minute j 

Dorr 
slope 
in. per 
ft. 

Akins 

slope 

Water 
to pulp 
in 

feed 

28 

65 to 85 

130 

25 to 30 

15 to 20 

3J4 to 3$4 


2: 1 

48 

60 to 70 

125 

25 to 30 

15 to 20 

3 to 3H 

CO 
i t 

3: 1 

65 

40 to 50 

100 

20 to 25 

12 to 15 

294 Uo 3 

I 

3.5: 1 

100 

30 to 40 

! 90 

16 to 20 

10 to 12 

2Yi to 294 


4-6: 1 

150 

20 to 30 

75 

12 

8 

2 to 2V4 

i 

6-10: 1 

200 

10 to 20 

60 

12 

6 

2 to 2M 


10-15: 1 


Power Used in Boston & Montana Concentrator 


Machine 

R.p.m. 

Horsepower 

required 

Hancock jig 

62 

3.41 

Evans jig 

Trommel (3X6-ft.) 

190 

0.50 

0 30 

Overstrom table 

251 

0.364 

Wilfley table 

251 

0.352 

Vanner (4-ft.). . . 

182 

0.230 


Power Used in Concentrating Mills 

As an indication of what power may be needed in milling, the 
following table is taken from R. H. Richard’s “Ore Dressing,” 
Vol. IV, page 1929. The figures are those for the Cananea 
Consolidated Copper Co.’s No. 2 and No. 1 mills: 


' Horsepower 

20 trommels 4 X 5 ft. and 4 X 8 ft * 20 

4 16-in. elevators, 46 ft. between pulley centers. 10 

4 sets 16 X 36-in. rolls at 80 r.p.m 20 

6 one-compartment bull jigs (4 active) 8 

16 two-compartment middle jigs. ... ... 16 » 

16 three-compartment sand jigs 16 

2 dewatering trommels 1 

2 chip trommels 1 

10 shovel wheels with shafting . . . 3 

2 centrifugal pumps, 1200 gal. per minute, 40-ft. lift. 60 

8 5-ft. Bryan mills 144 

38 Wilfley tables with line shafting 25 

36 6-ft. Frue vanners with line shafting 8 

2 centrifugal pumps 25 

6 shaking launders 3 

2 middling elevators 5 

2 pulp elevators ) ’ 3 

Friction of engine and remaining shafting 80 ^ 

Total on mill engine 472 

1400 tons of ore treated per day. 
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Horsepower 


24 trommels 12 

2 No. 1 elevators 13 

2 No. 2 elevators 14 

2 No. 3 elevators 8 

2 No. 4 elevators 8 

8 bull-jigs (4 active) 8 

16 two-compartment jigs 16 

8 three-compartment jigs 8 

2 Bryan mills . . 36 

2 No. 1 centrifugal pumps. . ... .... 40 

2 shaking launders and 2 shovel wheels. 2 

2 16 X 36-in. Davis rolls .... 22 

4 14 X 27-in. Davis rolls. .... 40 

shafting and belts 40 

engine and jackshaft friction 50 

Total engine load ... ... 317 

42 Wilfley tables 26 

36 six-foot Fruc vanners 8 

2 10 X 48-in. sand pumps 3 

1 No. 2 centrifugal pump . . .15 

Friction of transmission 13 

Total motor-driven load ... 65 

Total power required m mill . 382 

1400 tons of ore treated per day. 


Power Used in Mills 

(Data furnished by General Engineering Co.) 

Crushers. Blake.— 7 X 10, 8h.p.; 9 X 15, 15 h.p.; 10 X 20, 
20 h.p.; 15 X 24, 30 h.p. 

Dodge.— 4 X 6, 2 li.p.; 7 X 10, 7 h p.; 11X15, 15 h.p. 

Cates. — D Style No. 1, 10 h.p.; Nh. 2, 15 h.p.; No. 3, 25 h.p.; 
No. 4, 30 h.p.; No. 5,* 40 h.p.; No. 6, 60 h.p.; No. 7, 125 h.p.; 
No. 8, 150 h.p. 

Mills. — 10-stamp, 90 8-in. drops per min., 750 lbs., 15 h.p.; 
850-lb., 17 h.p.; 950-lb., 19 li.p.; 1000-lb., 20 h.p. 

* Tubes.— 5 X 14-ft., 30 li.p.; 5 X 22-ft,., 70 h.p.; 4 X 20-ft., 
50 h.p. 

Chilian. — 4-ft., 6 h.p.; 5-ft., 12 h.p.; 6-ft., 25 h.p. 

Huntington. — 3^2-ft., 4-5 li.p.; 5 ft., 6-7 h.p.; 6-ft., 8-10 h.p. 
Rolls. Cornish. — 12 X 20, 12 h.p.; 14 X 27, 16 h.p.; 16 X 
36, 25 h.p. 

Sample Grinders. — No. 1, 3 h.p.; No. 2, 4 h.p. 
Amalgamating Pans. — 5-ft., 4 h.p.; 8-ft., 6 h.p. 

Grinding Pans. — 5-ft., 6 h.p.; 8-ft,., 9 h.p. 

Settles. — 8-ft., 3 h.p. Agitators. — 8-ft., 3 h.p. 

Clean-up Pans. — 48-in., 1 1^ h.p. 

Hendrix Agitator. — 5 h.p. 

t Revolving Screens . — Yz h.p. Revolving Dryers. — 5 h.p. 
Wilfley Tables . — % h.p. Frue Vanners . — Yi h.p. 

Hancock Jigs. — 5 h.p. Harz Jigs. — (per compt.) 1 h.p. 

(The data is to be considered approximate only.) 



Water Used in Mills 1 
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Fjjedensville Zinc, Friedensville, Penn j 62, 000(c) j 120 to 135 I 459.3 to 516.7 
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Water Consumption in Various Mills 



Gal. water 
per 24 hr. 

Tons 
ore per 
24 hr. 

Water used 
per ton of ore 

Remarks 


Gallons 

Tons 



Gold Stamp Mills 8 


Haile, South Carolina. 

360,000 

150 

2,400 

10 

60 stamps 


Jigging Mills 


Smuggler Mining Co. . . 

St. Joe Lead 

St. Louia Sm. & Ref. . . . 
Block 10 

Daly- West 

Minas Tecolotes 

Silver Lake 


2,160,000 

400 

5,400 

22.5 

4, < XX), 000 

1,200 

3,333 

13.9 

5,760,000 

1,800 

3,200 

13.3 

/ 864,0001 

} 575 

/ l,500i 

6.26 

1 69,000 

l 120 

0.5 

1 504,0001 

} 500 

J l,008i 

4.2 

\ 57,600 

\ 144 

0 6 

/ 2, 001, G00 l 

} 600 

f 3,336i 

13 9 

\ 338,400 

\ 567 

2.36 

1,885,000 

325 

5,800 

24 2 


Australian 


Iron Ore Washery 4 



300,0002 

1,000 2 

300 

1 25 

Longdate Iron 

1,144,800 

'480 

2,385 

10.0 


Montana Copper Sulphite Mills 


Anaconda 1 

44,352,000 

8,800 

5,040 ] 

21.0 

Boston & Montana. . . 

25,000,000 

2 

3,000 

8,300 

34 6 


Utah Copper SulpiAde 


Newhouse M. & S 

/ 1,440,0001 
\ 720,000 

} 1,000 

/ l,440i 

\ 720 | 

6.0 

3 0 

} 

Utah Copper Co 

8,640,000 

6,000 

1,440 | 

6.0 

*• 


Nevada Copper Sulphide 


Giroux Con. 


/ 800,0001 

} 800 

/ 1,000‘ 

4 0» 

\ 160,000 

1 200 

0.83 


Arizona Copper 


Detroit Copper Min. Co. 
Old Dominion 


275,000 

1,100 

250 

1.0J 

750,000 

500 

1,500 

6.26 . 


1 In mill circulation. 3 Ten hours. * According t% Richards, the water 
used in stamping vanes from 1 to 6.60 gal. per stamp per minute in the 
various mills under his observation, ana 2 40 to 15.97 tons per ton of ure 
stamped. South African practice seems to be about 4 to 10 tons of water per 
ton of ore milled. 4 Log washers take about 2000 gal. of water per ton of 
ore in Southern practioe. 
















Adjustment, Feed and Capacity op Mill Vanners 

Abbreviations. — In =■ inches; R = round holes in stamp screens; Sq =» square holes in stamp screens 
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Adjustment, Feed and Capacity op Mill Vanneiis. Continued 
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Canvas, Blanket and Carpet Tables 
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Watefr Used in Jigging 

According to Richards, a jig will use anywnere from 0.528 
to 22.22 gal. of water per square foot of jig area per minute, and 
from 8.76 to 54.98 tons of water per ton of ore in American 

? ractioe, and 1.23 to 33.04 tons of water per ton of ore in 
iptropean practice. The stroke of a jig varies from 1.63 to 
7.BB times the diameter of the average grain fed to it. The 
coarse^ the grains the greater should be the throw, because 
coarse grains settle faster than fine grains and require a higher 
velocity of current &rid a greater quantity of water to lift them. 
The heavier the grains, the greater should be the stroke. 


Water Required in Milling 

(Data furnished by General Engineering Co.) 

Classifiers. Hydraulic. — 10-50 tons of water per ton of pulp. 

Jigs. — 18 X 36-m. compartment Harz jigs, per compart- 
ment, lH-2j^ inm. particles, 2-4 gal. per min.; 3^-5 mm. 
particles, 5-7 gal. yer min.; 7-10 mm., 8-14 gal.; 15-20 mm., 
21-28 gal. per min. This is in addition to the water in the feed. 

Mills. Chile arid Hurdinglon . — (/rushing to 20 mesh, 5-6 
tons of water per ton of ore passing the screens. 

Screens. Callow . — 21-in. duplex. Water in pulp, 3^-4 
tons of water per ton of feed; sprav water undersize, 6-10 gal. 
per min.; oversize, 8-12 gal. per min. 

Stamps. — 800-1000 lb. stamps, 3-6 gal. per min. 

Trommels. — 36 X 72-in., 1 x A-%Vz mm. holes, 15-25 gal. per 
min.; 3H~7 mm. holes, 10-15 gal. per min.; 7-15 gal. per mm., 
5-8 gal. per min. 

Vanners. — 6 ft., 1 J^-3 gal. per min. 

Wilfley Tables. — 5-40 gal. per min. 


Water per Ton of Ore in Various Kinds of Mills 

• 

Stamps and Vanners. — 20-30«mesh, 4-6 tons. 

Coarse Concentration. — Rolls, jigs and tables, 15-20 tons. 
Combination Mills. — Stamps, vanners and pans, 6-8 tons. 
Cyanide Mills. — Shoveling tails and filter pressing, 0.2-0.35 
tons. 

Cyanide Mills. — Sluicing tailings, 1.3-1. 9 tons. 



Launder Grades 

(Washoe Concentrator, Anaconda, Mont. {Eng. Min. Joum., Sept. 13, 1913, Vol. 96, p. 501)) 
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Slime 

Present 

Present 

Present 

Present 

None a 

None 

None 

None 

Present 

Present 

None 

None 

Little 

None 

None 

None 

Per cent, 
solid 
on 60 
mesh 

in IO © Ni/JHQNNOOOO^NiO 

00 r» tO (DOIKION H^ji Tf 

Depth, 

Btrm. 

*0*0 *0 iO *0 »0 

CM CM lO LOONOlO *Q *0 *0 »0 

tH r-H ^ OrHr-lr— I^HOOOOOOOO 

Diam. 

largest 

part, 

mm. 

»o 

lO MMNNMffinOS 

iO -*< WCNNNOOOOOCo'o 

CM 

Water 

ratio 

*0 CM CM I-- CD OC OD CM CD CO © -* © 

CO *0 « OOClPJNN'J'miOMSON^i)' 

CM HNHrHHHH 

Ml 

ron 

ron 

ron 

ron 

ron 

ron 

ron 

ron 

'5 

3 

(L»<1P 0) V 0) O (P V 

«3 tn 'w "coaacncrjtE'SSSSSSSS 

03 cfl cA cSeSflflcfioflOOOOOOOO 

u o u 

ide 

Per cent 

«5»OiO 

In. CO CM CM CM 

CO IO *0 HOOtDHOOOtOifitOOOO 

H CM .-1 CM hhhhh T-H.-I.-I 

6 s 

o.^ 
a **" 

IO IOIOU3 

1> lOCC2COCMCMCMC^r~r-CMCMCM 

CM CO TH CMHHHHHHOOOHrtH 

iider, in 

Width 

• .O 

IO IO »0»0 IP IO CM 10 10 10*0 

o qo o oo5ocoai05t^.-^ooiot>»r»t>.i^. 

Size lau 

Depth 

iO »o io >o *o 

1-0 tv. jSi NNNOOtv'Or-i^NNNN 


Undersize from round-hole trom- 
mel, ]4 in 

Undersize from round-hole trom- 
mel, 5 mm 

Undersize from round-hole trom- 
mel, 4 mm 

Undersize from round-hole trom- 
mel, 2.5 mm . 

Hutch product Harz jig. . 
Huntingdon mill feed. . .j 

y% in cone J 

Evans jig cone 

Coarse table j 

Fine feed * 

Table concte 

Table midd’g. . 

Table tail’g ... 

♦Secondary table 

♦Primary^fine feed 

♦Primary, coarse feed.. 


* Remodeled section. 
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Launder Grades 


(Cananea Consolidated, Sonora, Mexico (Tye and Counbelman, Eng. Mm. 
Journ., Vol 95, p. 375)) 



Size launder, 
in. 

Grade 

Lining 

Water 

ratio 

Larg- 

est 

Per 

cent. 


Depth 

Width 

Inch 

perft. 

Per 

cent. 

parti- 

cle, 

mm 

weight 
on 60 
mesh 

Oris, feed; sec. C 
Bull jig tails. . . . 

10 • 

12 

3H 

30 

Cl 

1 

30 

82 

10 

9M 

3 

25 

Cl 

1.1 

28 

98 

Roll jig tails. . . . 

10 

7M 

2H 

19 

Cl 

3. 

10 

98 

Coarse jig cono. . 

10 

7 M 

1.66 

14 

Cl 

2.9 

35 

95 1 

Undersize 2 mm. 









trommel 

10 

5K 

1.5 

12.5 

Cl 

4.4 

4 

52 1 

First spigot cl as- 








sifier to sand jig 

8 

5H 

3 33 

28 

Cl 

1.5 

4 

90 

Shak. launder 








sand jig con. . . 

GM 

12 

H 

3 

None 

19 

4 

84 

Fine jig cone 

10 

7>£ 

1 81 

15 

Cl 

6 

4 

80 

Chile mill dis- 

8H 

im 

9i6 

4.5 

None 

1.7 

2.5 

26 

charge Drag 







belt from last 

10 

7 y 2 

1 66 

14 

Cl 

0.9 

2.5 

46 

First spigot elas- 









sifier to mud jigs 

8 * 

5^2 

1.60 

14 

Cl 

17 

3 

60 

Table feed nos 









27 to 30 ... 

7H 

5>2 

0.5 

4 3 

None 

8.4 

1 

0.3 

Table cone, drag 







belt ... 


9>2 

I'A 

1 

1 Vi m 

26 

1 

13.6 

Table cono. shak- 








ing launder . . . 

Slime, Bee. C, Bet- 

4 

7H 

0 1 

0.75 

None 

7 4 

0.5 

35.2 

tig. tank to van- 









ners B 

6M 

9H 

Mo 

4 5 

None 

96 

0.17 

0 

Slime feed to 







van. C 


11M 

}S 

2.75 

None 

4.7 

0.17 

0 5 

Van. cone, drag- 







belt launder . 
Vanner and table 

10X2 

5X16 

Level 

0 

« 

None 

31 

0.2 

1 

oonc 

Vanner tails, sec 

W 

0 

• 

1.94 

16 

None 

20 

2 

27.2 

C 

Coarse tabic and 

9H 

11>S 

>3' 

2 75 

None 
M in. 

7 

0.4 

0 4 

jig T. . . 

Coarse sand tail, 

9H 

22 


2.75 

brd 

M in 

27 

2 

41 6 1 

dam 2 

Coarse sand tail, 

12^ 

1W 

H 

2 75 

brd 

M m. 

21 

' 2 

19.5* 

dam 1 

12 

11 


r 4 5 

brd 

21 

2 

19.61; 

Slime to mill 4 . . 

9H 

12^ 

0 25 

2 

None 

4.4 

0.1 

0 

Sand and slime 







to mill 3 . . 

10 

11H 

0 25 

2 

None 

5 

1.5 

2.6 

Feed to vanners 









M. 4 

6 

7H 

H 

2 75 

None 

4.4 

0 1 

0 

Slime cone. M. 4 







0.2 

drag belt. 

12X24X18 

Level 

0 

None 


0.1 

Slime cone. M. 4 








0.4 

elevator . 

Slime cone. fvl. 3 

7 

7H 

H 

5.5 

Glass 

Con- 

20 

0 1 

elevator . . . .' 

10 

12 

0.64 

8 

crete 

8.7 

0.2 

2.8 

Slime trail, mill 4 









to settling £anks 

10 . 

11 

0.22 

1.83 

None 

6.3 

0.1 

0 


\ll cast iron liners 24 in long and 2 in. effective depth, corners rounded. 
1 These launders liable to choke. Glass liners 4 X 14 X in. Coarse 
sand has sp. gr 2.7, fine slime 2.8; pyrite 4.84; chaloopyrite 4.17. 
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Quantities op Water Flowing in Rectangular Launders 
or Rough Plank 


Depth of water 
in inches 

Slope in 1 ft. 

H in. 

M in. 

in. 

1 In. 

2 in. 


G allons per Minute, Launders 4 

In. Wide 

X 

5.8 

8.2 

1 11.7 1. 16.5 

23.3 

1 

18.9 

26.3 

37.8 

53.5 

75.7 

2 

52.4 

74.2 

105.0 

148.0 

210.0 

3 

91.6 

130.0 

1S3.0 

259.0 1 

366.0 

4 

129.0 

183.0 

259.0 

366.0 

517.0 


Launders 8 In. Wide 


1 

42.1 

59.5 

84.2 

119 j 

168 

2 

129.0 

189.0 

259.0 

366 1 

517 

3 

240.0 

339.0 

479.0 

676 

958 

4 

363.0 

519.0 

726.0 

1,027 

1,452 

6 

625.0 

884.0 

1,250.0 

• 1,767 

2,500 

8 

890.0 

1,253.0 

1,779.0 

2,516 

3,558 


Launders 12 

In. Wide 


1 

69.3 

98 

139 

196 

277 

2 

211.0 

298 

422 

597 

844 

4 

626.0 

884 

1,250 

1,767 

2,500 

6 

1099.0 

1,554 

2,198 

3,108 

4,396 

9 

1908.0 

2,698 

3,816 

5,395 

7,631 

12 

2736.0 

3,868 

5,471 


10,943 


Launders 16 In. WibE 


1 

94 

133 

188 

266 

376 

2 

309 

437 

617 

873 

1,235 

4 

890 

1,258 

1,779 

2,516 

3,559 1 

8 

2,432 

3,438 

4,863 

6,877 

9,727 

12 

4,116 

5,820 

8,232 

11,640 

16,464 

16 

l 

6,000 

8,485 

12,001 

16,961 

24,002 


Launders 32 In. Wide 


1 

196 

278 

393 

556 

786 

2 

650 

919 

1,301 

1,839 

2,601 

4 

2,075 

2,933 

4,149 

5,167 

• 8,298 

8 

8,000 

8,435 

12,001 

16,969 

24,002 

16 

16,023 

22,657 

32,046 

45,313 

64,092 

24 

26,751 

37,826 

53,503 

75,653 

107,005 „ 

32 

38,590 

54,565 

77,179 

109,131 

154,358 
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Carkeek’^ Slope for Launders 1 


i 

Size of ore 

Degrees 

Slopes, 

inches per foot 


Mine ore to breaker 

36° 35' 

8.9 

Dry. 

2 in. to 1 in 

37° 50' 

9.33 

Wet. 

1 in. to % in 

33° 40' 

8.0 

Wet. 

)4 in to in 

29° 5' 

6 66 

Wet. 

Y± in. to % in 

24° 0' 

5.33 

Wet. 

H in. to K 6 in 

18° 25' 

4.0 

Wet. 

Kfi in. to vanner material. . . 
Table or vanner material ... 

7° 33' 

1.6 

Wet. 

6° 20' 

1.33 

Wet. 

Tail race for He-im material . . . 

3° 35' 

0.75 

Wet. 

Tail race for J+in. or larger. . . . 

6° 20' 

1.33 

Wet. 

Trommel casing for — ^-im- 
material 

16° 15' 

3.5 

Wet. 

Trommel casing for + ^-in. 
material . 

33° 40' 

8.0 

Wet. 


* R. H. Richards, “Ore Dressing,” Vol. II. 


Launder Grades 1 

Mill Launder. 

Mesh battery screen 10 14 20 25 32 

Launder grade, per cent 75 6 5 4 3 

Battery Tables. — 11 i in. per ft. = 10.4 per cent. 

Tube Mill Circuit. — Underflow spitzlutte, shaking table, 
shaking table underflow 10 per cer/c. 

Cyanide Plant. 

Per cent, of +00 mesli in pulp Under 10 10-20 20-40 over 40 
Of low-spitz launder, per cent. 3 3 25 3 5 4 

^Underflow of shine spitz .... 4.4 4 25 4 5 5 

= sand pulp launder, per cent. 

Of low slime sp. = slime 1.25 per cent, grade 

Of low return sand sp 1 per cent, grade 

Underflow return sand (fine 

sand) 4 

Return water 1 

Solution pipes 1 

All launders should have corner pieces (45°) between sides and 
bottom. Kor curves add at least 1 per cent, to grades. 

Pipes should have grade enough to empty themselves without 
flushing.^ 

" 1 C O Schmitt, S African Metallurgy , Vol. 1, p 187. 
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Speed of Current Necessary to^ove Different Sizes 
of Sand and Pebbles 


Material 

Velocities at bottom of stream . 1 
feet per second 

Slowest observed 
velocity that 
moved the grains 

Fastest observed 
velocity that did 
not move grains 

Brown clay (sp. gr. 2.64) 

• 

0 36 

0 27 

Fine sand (sp. gr. 2.64) 

0 62 

0.53 

Coarse sand i 

1 07 

0.71 

Gravel, size of anise seed . . . 

0 53 


Gravel, size of peas or larger... 

0 71 

0 62 

Gravel, size of common beans. 

1.55 


Beach pebbles, 1 in. or more. 

3 20 

2 13 

Angular weather flint, egg size . 

4.00 

3.20 


1 It. H. Richards, “ Ore Dressing,” Vol II. 


Percentage of Moisture Retained bv Different Sizes of 
Ore After Thorough Wetting Followed a\ Reason- 
able Draining 


Size, 

mm. 


Material 


Moisture, 
per cent 1 


Size, 

mm 


Material 


Moisture, 
per cent . 2 


64-32 

32-22 

22-16 


Ore 

Ore 

Ore 


16-12 


Ore 

Calcite 


12 - 8 
8 - 6 
6- 4 


/ Ore 
\ Calcite 
/ Ore 
t Calcite 
f Ore 
\ Calcite 


0 35 
0.55 
0.74 

1.33 

2.49 

2 25 
2 58 
3.01 
3.38 

2.91 

3.91 


4-3 • 

3-2 

2-1 

1-0.5 

0.5-0.35 

0.35-0.10 

0 . 10-0 


{ 0re 

\ Calcite 

I Ore 
\ Calcite 
/ Ore 
\ Calcite 
/ Ore 
\ Calcite 
{ Ore 
\ Calcite 
/ Ore 
\ Calcite 
( Ore 
\ Calcite 


5.66 

5.21 

6.19 

6.06 

8.59 

9.30 

17.59 

18.90 

18.16 

20.44 

16.80 

20.57 

16.94 

21.69 


1 R. H. Richards, “Ore Dressing” vol. II. 

2 Percentage calculated on weight of mixture of pulp find water! 
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Spued of Mineral Grains Falling in Water (Meters per 
Second) 1 


Diameter 
in mm. 

Nature of 
grains , 

)£ sec. 




2 sec. 



Galena 

0.903 

1.441 

1.630 

1.650 

1.650 

15 


Pyrites 

0.825 

1.174 

1.287 

1.293 

1.293 

* 


Quartz 

0.570 

0.767 

0.801 

0.817 

0.817 



Galena 

0.704 

0.814 

0.823 

0.824 

0.824 

4 


Pyrites 

0.586 

0.643 

0.646 

0.646 

0.646 



Quartz 

0.383 

0.409 

0.409 

0.409 

0.409 



’ Galena 

0.409 

0.413 

0.414 

0.414 

0.414 

1 


Pyrites 

0.321 

0.323 

0.323 

0.323 

0.323 



Quartz 

0.203 

0.204 

0.204 

0.204 

0.204 


1 “Handbook of Milling Details," MoGraw-Hill Book Company, Ino. 


Slope of Plates in Australian Mills 1 


Name of mill 

Situation 

Slope of 
plates, 
inches per 
foot 

Water per 
battery per 
minute, 
gallons 

New Star of the East 

Ballarat 
Ballarat 
Ballarat 
Ovens dis- 
trict 

Ovens dis- 
trict 
Bendigo 
Bendigo 
Bendigo 
Bendigo 

Vs 

X 

l 

X 

Vi 

1M« 
i X 
iVi 

Hi 

37M 

37^ 

25 

25 

20 

Old Star of the East 

Britannia United 

Harrietville 

Oriental 

Old Fortuna 

New Fortuna 


Pearl 

32H 

New Chum Consolidated 




1 R. H. Richards, “Ore Dressing," Vol II. 
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Cost per ton 

1920 

H5HOn4*>QOOOOOOOOO 

Cj> d d d d o’ d d d o o’ d o o o o 

$2,023 

1921 

SiliiSiiillllliii 

gdddddddddddddodd 

$1,948 

Amount 

1920 

$ 17,140.71 
362.62 
10,871 . 28 
5,520.26 
39,662 54 
46,575.17 
51,878.23 
5,407.46 
3,358.58 
8,400.10 
7,432.54 
155.03 
3,411.52 
2,184.41 
4,156.37 
*1, 755. 72 

. !>. 

<X> 

.N 

•A 

1921 

$ 16,619.26 

512 11 
8,610.55 
5,737.19 
33,023.14 
46,193.21 
51,390.18 
1,908.22 
2,714.98 
8,174.26 
7,432.43 
329.19 
3,186.54 
1,475.15 
1,969.65 
790.39 
123.13 

‘00 00*0 ^ 

00 ■** CM CM CO *0 

*0 .OOMNOl 

os 

r-» ; os cm os 

oo . 

t 

M • W 

i 

< 

( 

< 

5 

'i 

i 

io !oo^ ; \ ; ; ; : *eocoio o 
io .ion *o s 

»g :*^>d : <n o© © o 

Jg . !<*> 

$ 2,782 32 
19,719.56 
0.029 
0.192 
97.413 
$ 20.26 
96.23% 

Power 

$ 551.45 

278.57 
2,318.20 
1,139.46 
17,992.49 
23,620.95 
16,598.16 

* 1 ,032 32 ‘ 
2,165.03 
277.19 

67 38 
507.51 

512.31 

$67,061.02 

61,734.42 

0.688 

0.600 

Supplies 

$ 3,207.91 
178.19 
2,358 00 
1,845 97 
10,318.00 
15.398" 58 
25,879.27 
7.72 
1,578 84 
5,497.98 
4,100.26 
258 92 
962.22 
.31.05 
1,731.08 
69.87 

26 14 

$73,540.00 

74,362.86 

0 754 
0.722 

Labor 

$10,204 35 
55 35 
3,928.77 
2,751 49 
4,712 65 
7,173 68 
8,912 44 
1,900 50 
103 82 
511 25 
3,054.98 

2 89 
2,334 18 
1,425 67 
238 02 
208.21 

7 99 

$47,526 24 
52,450 70 
0.477 
0 509 


General 

Lighting expense 

Water supply 

Coarse crushing 

Coarse grinding 

Fine grinding 

Cyaniding 

Tailing disposal 

Clarification 

Precipitation 

Refining 

Sampling . .. 

Assaying 

Retreating tailing 

Mill heating 

Solution recovery 

Experimental ... .... 

Total milling, 1921 . . . 

Total milling, 1920. 

Cost per ton, 1921 

Cost per ion, 1£20 

Tons 

Value per ton ... 

Recovery 
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Wisconsin Roasting aiid Magnetic Separating Costs, 1921 

Costs per Ton op Green Ore Roasted, Based on a 
Tonnage of 125 Tons per 24 Hours 


Roasting and separating: 

Labor SO. 70 

Power .43 

Repairs and supplies 15 

Total SI. 28 

Ore receiving and shipping: 

Labor { . ... . 0.18 

Ore freight ... ... 50 

Power .... .05 

Repairs and supplies ... 06 

Assaying 12 

Total .91 

Cottrell electric precipitator: 

Labor 0.06 

Power .... 11 

Repairs and supplies 01 

Total .18 

General: 

Overhead . ! 0.25 

Office expense .... .20 

Insurance, taxeB, etc 01 

Workmen’s compensation insurance. . .01 

Freight and express . 03 

Experimental 03 

Labor ... .06 

Repairs and supplies 04 

Total .63 

Total cost $3.00 


Roasting and Gravity Treatment for Lead Ores 1 

Certain oxidized lead ores become amenable to gravity 
separation after roasting. These are ores in which the lead 
exists largely as lead carbonate and the gangue is composed 
largely of siliceous or limey material. Oxidized ores that 
contain considerable zinc as sjnithsonite (ZnCC) 3 ) also yield 
to this treatment. 

Complete conversion of the carbonate to oxide takes place 
in about 1 hr. at between 450 and 500°C., and increases the 
specific gravity of the lead mineral sufficiently to give an effec- 
tive increase in recovery. Above 500°C. lead silicates begin 
to form preventing good extraction of the lead. 

'Milling Practice in the Coeur d’ Alenes, 1927 

In a general review of the subject of milling practice in the 
Coeur d’Alene District, in 1927, A. W. Fahrenwald states that 
oji complex ores notation has largely superseded tabling. The 

1 Miller and Head, Tech. Paver 413, U. S. Bur. Mines, “ Roasting of 
Lead-carbonate Ores Preliminary to Gravity Concentration.’* 
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accompanying tables on pp. 500-503, show the trend of practice 
there. 1 . 

In comment on these tables Fahrenwald says that in the 
past poor quality of ore dressing was due to insufficient pulveri- 
zation than to any other factor. Microscopic examination of 
the middlings (cleaner tails) shows locking of minerals at sizes 
finer than 500 mesh. 

In all the plants the ball mills are operated in close circuit 
with Dorr or drag classifiers. The Esperanza type of classifier 
is popular because of low first cost, but the Dorr is probably 
more efficient. 

Grinding in the ball mill is done at a pulp dilution of about 
70 per cent, solids. The author states both laboratory and 
mill experiments show the best dilution at from 25 to 33 per 
cent, moisture. The cost of fine grinding runs from 20 to 30£ 
per ton of original ore crushed. 

Minerals Separation “Sub A,” O & D, and the Fahrenwald 
flotation machines are used in the district. Old type Callow 
and Hearing cells are used as cleaners in some mills. The 
trend is decidedly toward multiple cell vertical shaft and 
impeller machines. ( 

1 From a paper presented at the Salt Lake Meeting, A. I. M. E., August, 
1927. 



Principal Operating Companies 1 in the Coeur d'Alene District, Idaho; Nature of 

Milled and Milling Methods 


500 METALLURGISTS AND CHEMISTS’ HANDB60K 


1 1 S] 

^ d^ cfl"0 o 


! ill 

. t£ 69 9 

1 3 « « 


2S|S8|| 

5 P'S c 


3 

■ 4 » 

d 

Z <3 

^ «rs 


sss 

S'© fl O 3 

“co 


■c F'C ME Mg 

^ C_CD p g 

* d SJ? &jS g 

* JT3 S'© fc § 

+2 5 ► 2 > £ 
. e rtp © 

d_2 d ® efl ® .£ 

fl d flja fl x: fl 

©.3 © oj © 

d a d ° d ° £f 

<3 “O^cr 0 ^ 


O’O’ <y" 
H © i'w 


3 5 £* 
* -a ’s* 

3 tS i3 
|gjs sts 

S S a 

ulM 

a n mn „ 

j Si? a § 
fl °<§*<5® 


2® 2-S 

o.> -S-c ® 
u.p2 « E* S’C 
® _l a fl fe 

I* ! ill 

dM M g g’-g & 

© ©*© ©T3 

l*s gg|§ 


n n ^ iq to 


~ -eg 

fl o 

A d d 


M r© © 'fl 

S B £ ® 

e «, i* -s 

° d 2 § 

S P4‘S to 


W to W 

•e -e 


|o 

=tS 

30=0 : 

fl 

■a 

0 

O 

CO bC 

a 

CO a 
o 

CO bCCO M . 

„ d fl . 

a 

9 

-B-js 

■B-js 

■ 


•a 

flg 

«g 

g 2 
«1 

' A d s g ; 

Sgw| 0 

J 

fl 

a 

8 

|i 

§o 

m 

IS 

go 

m 

© S © 

ilia 1 

nn m fri 

idl 

i«s 

rX frl 



ORE DRESSING 


601 




Fine Grinding Practice in the Coeur d’Alene, Idaho, Flotation Plants 
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Class tfier 

Overflow (flotation 
feed) mesh and per 
cent 

i 

•o o o o o 
« i-I oo e* 

mil 

rl <N 
+ + ++ 1 

-200-10% 


Not available 


Dragover mesh and per cent. 

CAW mill 

—2 ram. round ho.e screen 
Hardinge 10% +200 

oo ao oo 

05 as co oo 

ilk 

W* CV| 

+++ 1 

£ 

1*5 -«C 05 t-. 
KiCCN 

jJli 

04 CO o 

++++ 

+ 8—3 0%; + 14- 4.1% 
+ 28— 6 2; + 48-10 1 

+ 65-21 2; +100-25 0 

+200—26 0; -200— 4.4 

+ 8—0 5%; + 14— 2 0% 
+ 20— 2 0, + 28- 6 6 
+ 35—13.2; + 48—13.4 

+ 65—20 5; +100 — ^20 5 

+150- 8 8; +200- 4 1; 

-200- 7 4 

Not available 


Make and size 

Drag 

4 ft. by 6 in by 
18 ft. Dorr 
duplex 

6 ft. by 20 ft. 
Dorr duplex 

Drag double 
belt 

Drag double 
belt 


Tons 

Z 

800 

*o 

S 

1200 

275 


Circu- 

lating 

load, 
percent- 
age of 
original 
feed 

300 

300 

500 

400 

400 


Solids 
in mill 
dis- 
charge 
per 
cent. 

88 

•a 

<© 

• 

£ 

8 

8 

23 

Feed 

maxi- 

mum 

sue 

Is 

—30 mesh 
round 
hole 

H 

T 

a 

7 

.a 

£ 

c* 

1 

—7 mm. 

Ball mill 

Size 

5 by 6 ft. 

6 ft. 

table midds. 

8 ft. by 36 in 

8 ft. by 22 in. 

8 ft. by 36 in. 

8 ft. by 36 in. 

8 ft. by 36 in. 

6 ft. by 22 in. 

Units 

T3 

_ _ G 

’-n-' ea 
bC 

co 

- 

'f <M 

- 


•1 

CAW 

Hardinge 

Grind 

Hardinge 

Hardinge 

Hardinge 

ball 

Hardinge 

pebble 

Hardinge 

Hardinge 

Mill 

number 



CO 


■O 

<o 
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FLOTATION 

Flotation Processes 

Crilley and Everson. — The ore is crushed to 50 mesh, and 
mixed with a thick black oil. Boiling water containing enough 
acid to give it a tart taste is then added. This process was 
tried at Baker City, Ore., and at Denver, in 1889. 

Robson and Crowder. — The ore was mixed with but little 
water, 25 to 30 per cent., agitated and oil added during agita- 
tion. This was operated at the Glasdir mine in Wales, in 1894. 

Elmore (Old Process). — The ore was mixed with several 
times its weight of water, and an equal, or greater weight of oil 
in a revolving drum. The oil was mixed without emulsifying, 
then run, on a spitzkasten, where the oil carried the sulphides to 
the surface, and the gangue and water were removed from the 
bottom. This process was invented in 1898 and tried exten- 
sively. Pts history may be said to close in 1905. 

Potter-Delprat. — The original Potter process (1902) was 
one of flotation in a 1 to 10 per cent, acid solution. The mix- 
ture was 1: 1 of ore and acid solution; this was agitated freely 
and heat applied, cruising the forming of C0 2 from the carbon- 
ates in the ore. This caused the sulphides to rise to the surface 
where they were either allowed to flow off continuously or were 
skimmed off. This was clearly a surface tension process. 
Delprat (1902) accomplished the same thing with acid salt- 
cake solution. Both processes were tried out at Broken Hill, 
Australia. Later patents indicate that oil has been found to 
assist in this process. These inventors worked independently, 
became involved in litigation and eventually pooled their 
interests. 

Froment. — Alcide Froment discovered in 1901 that when 
a sulphide ore is agitated in water With a little oil and sulphuric 
acid, the sulphide particles become oiled and attach themselves 
to and are floated by gas bubbles. He recommended adding a 
little calcite to the ores when needed. Minerals Separation, 
Ltd., bought this patent in 1903. 

* Minerals Separation, Ltd. — Organized in 1903 by Ballot, 
Curle, Webster, Gregory, Sulman and Pickard to acquire 
the Cattermole patents. Soon after bought the Froment 
patents. Present processes are based on surface-tension phe- 
nomena, accelerated by means of addition to the pulp of small 
quantities of oil and air in minute subdivision. There is only 
about 0.1 per cent, oil added, and very violent agitation is 
indulged in for from 1 to 10 minutes. Innumerable small bub- 
bles of air are thus mechanically introduced which join the oil- 
coated particles. These are then removed on a spitzkasten. 
Exposure to air after this treatment then aerates any mineral 
which has not already taken up its oil film after which a second 
spitzkasten treatment removes this. 

1 From Hooker’s “ Concentrating Ores by Flotation." The Mining 
Magazine , London. 
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Cattermole. — Added 4 to 6 per cent, of oil, according to the 
sulphide contents, to a freely flowing pulp, and also 2 per cent, 
of soap. This process was bought up by Minerals Separation, 
Ltd. 

Goyder and Laughton. — Their process (1905) was only a 
variation of the Potter-Delprat. It was used at Broken 
Hill. 

Wolf. — Jacob D. Wolf in 1903 invented a method of 
applying the principles of flotation. He used sulpho-chlorin- 
ated or other oils and aimed to secure a high extraction with a 
low grade of concentrate in the first step, and by washing with 
hot water to concentrate the concentrate in a second step. 
Apparently no commercial use was made of it. 

Elmore (Vacuum Process). — In 1904 Francis E. Elmore 
took out patents covering a process in which flotation is secured 
by the addition of a small quantity of oil, and by the liberation 
of air in the pulp in a finely divided condition, this being accom- 
plished by subjecting the freely flowing pulp to a vacuum and 
simultaneous heating. 

De Bavay. — Auguste J. F. De Bavay in 1904 invented a 
flotation process in which a freely flowing pulp was brought to 
the surface of a vessel of water, where advahtage was taken of 
the surface tension of the liquid, and the sulphide floated. A 
film of carbonate on the sulphide, from weathering, is detri- 
mental, and is removed by soaking the ore in a weak solution of 
carbonate of ammonia, or by passing carbon dioxide through 
the pulverized wet ore, or by friction. In the original process 
no oil or acid was used. Later these were also made use of. 

Macquisten. — Arthur P. S. Macquisten, in 1904, invented 
a process and a tube apparatus for floating sulphides by surface 
tension. Oil has since been added to the process. It is operat- 
ing at the Morning mill at ^lullan, Idaho. 

Zinc Corporation. — Organized in 1905 ^o treat zinc tailing in 
the Broken Hill district. Tried Potter process in 1905. Re- 
modeled plant in 1907 for Minerals Separation process. In late 
1907 and 1908 built an Elmore vacuum mill. In 1910 again 
adopted Minerals Separation. 

Hyde. — In 1911 James M. HyDE patented a process in which* 
a small amount of sulphuric acid, with or without the use of 
copperas, is used to give the slimy portion of the ore a prelimi- 
nary coagulation before flotation. The sulphides, after agi- 
tation, are floated off rapidly and as completely as possible with 
a considerable overflow of freely flowing water, thereby pro- 
ducing an impure concentrate which is re-treated in a second 
machine. At present the process is being used by the Butte & 
Superior Copper Co. It was in litigation with Mineral^ Separa- 
tion, Ltd. 

Murex. — While this process is not strictly of the same class 
as the others, it still mates use of the principle of selective oiling 
of sulphide particles. In this process the crushed ore is fed 
into an agitator and mixed with 4 to 5 per cent, of its weight of 
a paste made of 1 part of oil or thin tar with 3 or 4 parts of 
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magnetic oxide of iron. This oxide must be ground to an 
impalpable powder. These ingredients, with enough water to 
make a pulp, are agitated from 5 to 20 minutes. The paste 
preferentially adheres to the sulphides because of the oil. The 
ore is then fed over magnets and the oxide of iron, with the 
mineral adhering to it, pulled out. The oil and magnetite are 
then recovered. 

Sanders. — This process uses, instead of an acid bath in 
deep pans, a dilute solution of aluminum sulphate in shallow 
pans. It was tried* by the Tri- Bullion Smelting & Development 
Co. on a commercial scale, without success. 

Horwood. — If a mixture of iron, copper, lead and zinc sul- 
phides is roasted, the three former can be changed to oxide and 
sulphide at a comparatively low temperature, whereas the 
blende is practically unaltered. The partly roasted material is 
then subjected to a heated-acid oil-flotation process, by which 
the zinc is floated, the other metals staying behind. 

Lyster Process. — Apparently James Lyster of the Zinc 
Corporation, Ltd., was the inventor of the first successful 
selective flotation process. 


THE FLOTATION PROCESS 1 

’ Definition of Flotation. — Where finely divided ore is agitated 
in water with a gas and one or more other reagents, one of which 
is usually an oil, it will be found that certain minerals rise in a 
ftfoth to the top of the solution, while others do not. Those 
which rise are “floatable.” 

Ordinarily, those which rise are sulphides, arsenides, or the 
like, but graphite, sulphur, and mica do also, while phosphate 
rock has recently been floated, ff the ore is ground finely 
enough to unlock all the particles of different composition, 
without too great sliming, a complete separation of minerals 
can thus be effected. 

No matter how the gas is introduced, by impellers, through a 
porous diaphragm, or otherwise, it must be finely divided 
*and thoroughly disseminated through the water and ore, so 
that all of the floatable mineral may come in contact with it. 

Reagents. — The reagents added are of various sorts and have 
various functions. Some lower the surface tension of the water, 
thus promoting the formation of a stable froth. Some clean 
the surface of the mineral or produce other desirable changes 
in the ore or destroy interfering reagents. Others, the oils 
(usually) attach themselves to the mineral particles' (collectors). 
We thus have frothing, collecting, accelerating, antitoxic, 
conditioning, * deadening, deflocculating and flocculating, 
neutralizing, depressing, inhibiting, modifying, promoting, reac- 
tivating,, retarding, selecting, sickening or toxic agents. Some 
Atfill fulfill two functions. 

1 Much of the following pages is based on Weiniq and Palmer's “Trend 
of Flotation,” Colo, School of Mxnea Quarterly April, 1928. 
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Flotation may be either “bulk,” ih which all the floatable 
minerals are lifted, or "selective,” where first one, then another,, 
is floated; or selective floation may be used to treat the product 
from bulk flotation. 

Theory of Flotation. — Adsorption by the particles to be 
floated of the collecting agent seems to be the chief explanation 
of the phenomenon. This adsorption appears to precede 
chemical changes in the particle. In general, the selectivity 
of this adsorption appears to follow Schurman’s series (c/. p. 
717), those sulphides that are most readily; formed being the 
most floatable. 

Frothing Agents. — These are usually oils from the distilla- 
tion of wood or coal. Steam-distilled pine oil is the most 
common. Pine tars, wood tars, coal tars, creosote and its 
derivatives have all been used. A frothing agent must be 
soluble in order to affect the surface tension of the water. 

Collecting Agents. — A number of organic compounds con- 
taining sulphur are currently used for this purpose, such as 
alkaline xanthates and thiocarbonalid. They are strongly 
adsorbed by sulphide minerals and increase the tendency of 
the latter to attach themselves to the oily bubbles. Some of 
the newer agents, such as phosphocresylic keid have strongly 
selective actions. 

Alkalis. — Alkalis perform several distinct functions in 
flotation. They neutralize free acids, and they precipitate 
many soluble metal salts, such as iron sulphate, manganese 
sulphate and the like. These compounds are adsorbed by 
mineral particles, which increases the tendency to be wetted 
by water, hence to float less readily. They act as inhibiting 
agents toward the less readily floatable mineials, probably by 
formation of films of basic salts on their surfaces. They also 
act as clarifying agents to hasten the settling of finely divided 
gangue particles. 

While lime is the cheapest alkali, in large quantities it 
inhibits the flotation of all sulphides, and for this reason is 
not used in zinc-lead separations where the mill water is 
reused. If originally used to depress the pyrite in the zinc-iron 
separation it would later interfere with galena flotation.'* 
Disodium phosphate is also used as an alkali, but is very 
expensive. 

Alkaline Sulphides and Poly sulphides. — These are used 
mainly in the flotation of oxidized ores to produce films of 
sulphides on the oxidized mineral. An excess of them interferes 
with the flotation of sulphide ores. 

Copper Sulphate. — This is a reactivating agent and is the 
standard reagent for floating zinc sulphide that has been 
previously depressed. * 

Sodium cyanide prevents the floating of zinc and iron 
minerals. Its use is patented. (U. S. patents 1,421,585 and 
1,427,235, 1922.) , 

Sodium Sulphite. — It is used as an inhibiting agent for zinc 
and iron minerals in thei^ separation from galena. 
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Zinc Sulphate. — This salt is used as a retarding agent for 
ainc and iron minerals. It is usually used with cyanide, 
unless there is gold present that might be dissolved. 

Sodium Silicate. — This compound promotes the formation 
of a brittle froth carrying a low percentge of insoluble gangue. 
It is a deflocculating agent on gangue particles, but flocculates 
sulphidesfn oxidized ores. It tends to revive slightly tarnished 
sulphide particles. 

Xanthates. — The potassium and sodium salts are widely 
used as collectors. • They can be prepared by treating alcohol 
with molecular equivalents of carbon disulphide ana sodium 
or potassium hydroxide. Xanthates deteriorate on heating. 
The smallest amount of lime is used with xanthates that will 
show alkalinity with phenolphthalein. 

At Inspiration about 0.0045 lb. lime and 0.15 lb. xanthate 
solution (0.02 lb. xanthate crystals) and 0.14 lb. pine oil are 
used per ton of ore. Too much xanthate floats pyrite. 

Thiocarbanalid. — This is also a collector. Because of its 
small solubility in water it is used in a solution of one part of 
thiocarbanalid in four parts of orthotoluidin. (The solution 
is known as T.T. mixture.) 

P.E. Oil. — A bldnd of petroleum products used as a collecting 
agent. In connecting with pine oil it produces small bubbles 
and a brittle froth. 

ZI. — Potassium xanthate. 

T.T. Mixture. — One part of thiocarbanalid in four parts 
orthotoluidin. Collector. 

Zinc Sulphate. — Depresses sphalerite. 

Aerofloat. — Phospliocresylic acid — a basic collector and 
frother. 

A.T. Mixture. — 20 per cent, aniline and 80 per cent, thio- 
carbanalid. Collector. 

X-Y Mixture. — 60 per cent, alpha naphthol amine and 40 
per cent, x.ylidine. Collector. 

N.T.U. Oil. — An oil shale distillation product. 

Aldol. — 2-hydroxybuty raldeh yde. Collector. 

# Fumol. — Collector. Same as aldol, 2-hydro xybiuyraldehy do. 

Aerofloat or Phosphocresylic, Acid. — A reagent invented by 
F. T. Whitworth (U. S. Patent 1,593.232), made by treating 
cresylic acid with phosphorus pentasulphide. Its sale is con- 
trolled by the American Cyanamid Co. which gives a shop- 
right to purchasers. It is much used in the selective flotation 
of copper, lead, and zinc minerals as it promotes their flotation 
and has littlfr effect on pyrite in alkaline circuits. 

Sodium Bichromate. — An oxidizing agent used in the flota- 
tion of lead-zinc-iron sulphides. It is a depressant for pyrite, 
pyrrhotite^ and galena. It is also used to correct an overoiled 
condition of deleaded pulp before floating zinc. 

Sulphuric AcicU and Acid Sludge. — Formerly used to clean 
tarnished ores prior to bulk flotation. Sulphuric acid is still 
1 ;tised to float pyrite and pyrrhotite that have been depressed 
^temporarily by lime or cyanide. 
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Selective Zinc-lead Flotation* at Tooele, Utah 

The concentrator is divided into two sections; one for the 
treatment of Park City ores, the other, for the treatment of 
Bingham ores. The ores of both sections are crushed to — lj<£ 
in. and are then ground in ball mills in circuit with a classifier. 
The first classifier overflow is divided between two secondary 
classifiers, each in circuit with a ball mill. The secondary 
classifier overflow is the flotation feed. Manganese steel liners 
and 4-in. forged steel balls are used in the primary ball mills. 
Hard white-iron liners and 2-in. cast-irorf balls are used in 
the secondary mills. Pulp densities are held as close as possi- 
ble in the primary mills to 72 per cent, solids, and to 68 per cent, 
solids in the secondary mills. The second classifier overflow 
(flotation feed) ranges from 22 to 24 per cent, solids. A typical 
screen analysis follows; 


Screen bug Per cent, by weight 


+65 

-65 + 100 
-100 + 150 
-150 + 200 
- 200 

1.6 

5.6 

7.6 

14.8 

* 70.4 

100.0 


Section I 

Section II 

Lead roughers 

Minerals Sep. 

Sub. A machines 

Zinc roughers . 

M. S. Sub. A 

Callow pneumatic 

Iron roughers 

Callow pneumatic 


Lead cleaners 

Callow pneumatic 


Zinc cleaners. 

Callow pneumatic 


Iron cleaners. 

Callow pneumatic 



The minerals separation cells are all of 18-in. double-disk 
agitator cells. 

The Callow cells are all of the 3 X 3-ft. pan type. In botlf 
circuits a concentrate and a ' middling is taken from each 
rougher. The concentrate is cleaned and the cleaner tailings 
are taken back to the head of the circuit. Air is used in the 
Callow machines at 4% lb. per sq. in.; in the Minerals Sep- 
aration cells at 1 lb. per sq. in. 

Soda ash is used as the alkaline conditioning agent in both 
lead and zinc circuits. With ores of the Bingham type as high 
as five pounds per ton of ore may be used in the lead circuit; 
seldom any additional in the zinc circuit. With oi^s of the 
Park City type little is required for the lead circuit; but from 
2 to lb. per ton of ore is required in the zinc circuit. 

Thiocarbanalid is used as the basic lead ^collector. About 
0.10 lb. per ton is used, for while not necessary, its use tenas^ 
to stabilize collecting conditions and increase lead recovery/ 
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Sodium cyanide is useS as a lead accelerant and as a zinc- 
iron depressant. It is always used in conjunction with zinc 
sulphate and is added in the primary ball mill. Park City 
ores generally require 0.3 to 0.4 lb. sodium cyanide per ton; 
the Bingham ores, although having a higher iron content require 
less — 0.20 to 0.30 lb. per ton. 

Zinc sulphate is used as a depressant in conjunction with 
sodium cyanide and is added in the primary mills. From 0.6 
to 1.2 lb. per ton of ore is required. 

Potassium ethyl cant hate is used as an auxiliary collector in 
both the lead and zinc circuits, and is the only collector added 
to the iron circuits. The reagent has been found very bene- 
ficial, but must be held at a minimum to insure selectivity. 

Copper sulphate is used as an accelerant in the zinc circuit, 
0.7 to 1.5 lb. of crystals per ton of ore being added to the lead 
rougher tailing. 

Aerofloat or phosphocresylie acid is used as the basic collector 
and frother in the zinc circuits, 0.15 lb. per ton of ore being 
added to the lead tailing. 

Steam is added to the lead rougher tailing ahead of the zinc 
circuits, and the pulp heated to 30°, resulting in a marked 
improvement in the grade and recovery of zinc. 


Assays of Feed and Products 


(Section I) 



Pb, 

Ag, 

oz. p.t. 

Au, 

oz p t. 

InKoI, 

% 

Fe, 

% 

Zn 

% 

Feed. . . . 

2.9 

8 33 

0 10 


9.3 

10 3 

Lead cone 

65 3 

140 61 

0 787 

2 0 

3.3 

7 1 

Zinc, cone 

0 9 

7 10 

0 *0 

1 .9 

2.7 

59 1 

Iron cone 

1 r > . 

6 04 

0 10 

8 6 

36 9 

4 3 

Tailing 

0 2 

1 53 

0 045 


8 3 

0 4 


(Section II) 


Feed 

8.6 

5. 12 

r 0 . 05 1 


10.9 

7.1 

Lead cone 

66.4 

35 57 

0 10 

2 4 

2 4 

5.6 

Zinc cone 

2.7 

2.10 

0 04 

1 9 

1 6 

59.8 

Iron cone 

5 0 

6 16 

0 14 

9 3 

34 8 

2 7 

Tailing . . 

0 4 

0 58 

0 025 


10 0 

0.2 


Eng. and Min. Journ., Aug. 24, 1929. 


c . Breaking Up the Froth 

The handling of froth concentrates has proved a serious 
problem for man 31 operators when the froth has been tough and 
permanent. The most common method of breaking froth is 
by jets or sprays of water. A single strong jet of water turned 
on the flowing froth in a launder often results in material benefit, 
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and a water pipe perforated with maay holes to give more jets 
is better, while special sprays, such as rotating garden sprays 
(inverted), Buffalo sprays, etc., prove even more efficient. 
Direct feed into a filter of the pressure-filter type is most effi- 
cient, as the froth does not need to be broken up. The vacuum 
filters are not so well adapted to immediate treatment of the 
froth because it generally is too thin (25 per cent, to 35 per cent, 
solids) to cake well; vacuum filters of trie Portland or Oliver 
type require approximately 50 per cent, solids in the pulp. 
However, by breaking the froth and dewatering, a vacuum filter 
is permissible. In a number of installation a bucket elevator 
seems to break up the froth to a satisfactory extent, actual 
tests made by one company indicating 80 per cent, efficiency 
in breaking froth, merely in the passage of the froth through 
the bucket elevator. Addition of chemicals, such as acid or 
lime, or of more oil to the froth, also tends to break it down and 
make the solids settle out well. If lime be used for this purpose, 
the mill water cannot be used again without neutralizing. 

Settling of froth in bins for dewatering, while a common prac- 
tice, is not satisfactory, as it practically imposes a canvas lining 
for the car in which the concentrates are shipped, and concen- 
trates shipped in this manner will drain in* such a “traveling 
filter” to about 25 per cent, or 30 per cent, moisture. In case 
of a long haul, this is expensive both in freight and leaks. Fil- 
ters are being used in nearly all of the larger plants. Oliver 
and Portland filters turn out a satisfactory product with 10 per 
cent, to 15 per cent, moisture, and pressure filters like the Kelly 
while more cumbersome and expensive to operate, are giving 
products ranging from 6 per cent, to 10 per cent, moisture. 

Flotation costs — tailings treatment— -Hecla mill, 1927 — 
Labor, $0,087; supplies (balls and -liners), 0.085; flotation 
reagents and supplies, 0.013; power, 0.065; flotation royalty, 
0.042; total, $0,292. (W. L. Zeigler, St^lt Lake City meeting, 

A.I.M.E., 1927). About 750 tons per day treated. 

pH Control in Flotation 

m 

At the Chief Consolidated mill at Eureka, Utah, flotation of 
oxidized ores by “natural” float was tried, i.e ., instead of 
sulphidizir.g the minerals, reagents to float the unaltered 
oxidized mineral were added. The pulp was conditioned 
with sodium silicate to promote a gangue dispersion in water, 
and aero float and ethyl xanthatc were then added as flotation 
agents. Amounts used were 3 lb. sodium-silicate solution, 
0.6 lb. aerofloat and 5.0 lb. ethyl xanthatc. Mill results did 
not bear out laboratory tests and the difference was^ound to 
lie in a greater degree of acidity developed in the laboratory 
grinding from that developed in the mill. This was corrected 
with sulphuric acid and results improved. Tlfci optimum results 
were obtained with ball mill pH at 6.8 to 7.0; primary flotatidh 
cells at 7.0; and in the scavenger cells where ethyl xanthate was 
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added, at 7.2. Froth frftm the scavenger cells was returned 
to the primary cells for cleaning (G. H. Wigton, Min. Met., 
December, 1928). 

A. M. Gaudin states that selective flotation rather than bulk 
is primarily a matter of pH control. 


Calculation of Mill Recovery 

If h = heads as^ay; t = tailings assay; c = concentrates 
assay; r = ratio of concentration; e = per cent, recovery. 

_ c — t _ 100c 
T ~ h — t’ 6 ~~ rh 

In reference to the use. of gravity concentration apparatus 
ahead of the flotation machines it should be noted that the 
gravity concentrate is more desirable than the flotation con- 
centrate for smelting. 


Flotation Milling Costs, 1925 


• 

Name 

Location 

Daily tonnage 

Total costa 

Utah Copper Co. (2 mills) . . 

Garfield, Utah 

34,351 

$0 54 

Nevada Cone 

McGill, Nev 

8,894 

0.511 

Ray . 

Hayden, Anz 

8,322 

0 63 

Chino 

Hurley, N M. 

8,226 

0 761 

Miami 

Miami, Ariz 

8,133 

0.572 

Green Cananea 

Cananea, Mex. 

1,490 

0 927 

Engels Copper Co 

Engels, Calif 

1,136 

0 75 

Tenn. Copper & Chem. Co. 

Copper Hill.Tcnn. 

472 

0 756 

Bunker Hill and Sullivan Co. 

Kellogg, Idaho 

' ft 

1,260 

0.76 


The influence of heavy tonnages in reducing costs is shown 
very clearly in this table. Several of the companies state that 
further reductions have been made since the period covered 
fly the reports. Chino’s costs were 65.29 cts. in October, 1925. 
The very low figures reported by the Hccla Mining Company 
are due partly to the use of jigs and tallies for the major part 
of the concentration, thus decreasing the grinding necessary. 


Allocation of Costs 


Crushing and grinding . $0 . 40 to $0 . 60 

Flotation and dewatering 0.10 to 0.15 

Reagents? .V 0 . 10 to 0.30 

Overhead . 0.15 to 0. 25 


Total... m $0.75 to $1.30 


T?ie largest plants have costs lower than the above minima. 
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Toxic Agents. — A. M. Gaudin lias the following to say 
regarding tetravalent and trivalent ions: The extreme toxicity 
of such reagents as the salts of the tetravalent and trivalent 
cations has not heretofore been recognized. To emphasize 
the powerful and generally depressing action of these salts 
the name toxic agents is proposed, with the understanding that 
this name is to be extended to the similar but less violent action 
of salts of divalent and monovalent cations. 

The following table shows the sequence in toxicity observed 
with the nitrates of the various cations .beginning with the 
most active. The cations in parentheses are those which act 
as modifiers or activating agents in connection with the mineral 
under investigation. It is clear that if the cations which act 
as modifiers are left out. that the order tetravalent — trivalent — 
divalent — monovalent holds with but few exceptions. In this 
connection it is of interest to note that trivalent and divalent 
ions are generally considered good deflocculators and that they 
most readily change the sign of the charges at the surface of an 
air bubble or of a solid particle suspended in an aqueous solution 
containing that ion in solution. The possibility of electrostatic 
charges playing a preponderant part in connection with the 
action of these metallic salts deserves a gre&t deal of attention. 
The alternative possibility which reckons the fact that tetrava- 
lent ions hydrolyze more readily than trivalent ions and so on 
down to monovalent ions which hydrolyze but little, except 
silver ions, must also be considered. 


Sequence op Toxicity Observed with Nitrates of 
Various Cations 


Pyrite 

Galena 

■ 

Anglcsite 

Cal cite 

With xanthate 

With sodium oleate 

Ag + 

Cr +++ 

Zr ++++ 

Cr +++ 

Cr+++ 

Th+ +++ 

Cr ++ + 

(Cu ++ ) 

Hg ++ 

Al +++ 

Th+ + ++ 

Al +++ 

Cu ++ 

Fe + + + 

A1+++ 

Fe +++ 

Al +++ 

Fe+ ++ 

(Hg ++ ) 

(Cu ++ ) 

Fe +++ 

H + 

Hg ++ 

(Hg+) 

Pb ++ 

fif! 

Pb ++ 

Ba ++ 

(Ag + ) 

Ni ++ 

Cu ++ 

Co ++ 

Co ++ 

(Ag+) 

Ni ++ 

Ca ++ 

Cd+ + 

Mg++ 

Ca ++ 


Co ++ 

Ni ++ 

Ba ++ 

Sr + + 


Ni + + 

Sr + + 


Ba++ 

Cd ++ 

Zn++ 


Ca++ 

► 

# 


Mg ++ 

H+ 
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Pb— 1.2; Ac, 
0.8. Re- 
treated by 
flotation re- 
duced to* 
Pb., 0.6 and 
Ag, 0.3 os. 

Pb, 0.13 

Ag, 0.09 

Pb, 0.5 

Ag, 0.42 

Pb, 0.85 

Zn, 0.50 

Ag, 0.30 

* ' 



ooao 

Pb, 50.0 

Ag, 28.0 

Zn, 1.0 

Pb, 45.0 

Ag, 32 0 

Ooo 

ss* 

t£ a 

P-i^tsa 

Pb, 63.1 

Zn, 8.3 

Fe, 4.0 

Ag, 26.5 
Insoluble, 2.0 

• 

OK5COO 

QOTf<OQO 

ja ti a oT 

00 

-<o 

bC 

Pb, 6 0 

Ag, 4.5 

Zn, 1.2 

Fe, 17.0 

Pb, 8.7 

Zn, 5 4 

Fe, 16.0 

Ag, 4 0 
Insoluble, 39.7 
Mn, 4.3 

S, 4.7 

Cresylic acid, 0.2; soda 
ash, 0 1; xanthate, 0.1 
Added to first cell of 
machine. Barrett’s 
No. 4, 0.2 

Soda ash, 0 05; xanthate, 
0.01 and cresylic acid, 

0 02 head of flotation 
machine ^md to cells. 
Added to Barrett’s No. 
4, 0 05 and cresyhc 
acid, 0 04 to ball mill 

ZnSOi, xanthate and 
Barrett’s No. 4 fed to 
ball mill. Pine oil, 
0.05, ahead of flotation 
machines and to indi- 
vidual cells 

Galena: ZnSO< to ball 
mill; xanthate, 0 066; 
ZnSOt, 0,72, and wood 
creosote Cleveland 
Cliffs No. 1, 0.106. 
Sphalerite: Xanthate, 
0 21; Barrett’s No. 4, 

1 8-cell M. S. “Sub-A” 
18 in. 

1 8-ft. Callow 

3 8-cell 18 in M.S 
“Sub-A.” Seven used 
as roughers and 3 as 
cleaners. 2.4 hp per 
cell 

1 10-cell 18 in. “Sub- 
A.” Seven cells as 
roughers and 3 as clean- 
ers; power required 2.4 
hp. per cell 

Lend section rougher s 8 6 
comp. O & D 

Cleaners: First cleaners, 

2 3-comp. O & D; sec- 
ond cleaners 2 3 comp. 
O & D. Zinc section 
roughers: 2 8 cell 24 in 
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ooSS 
odd 
d del 

PUiN<j 

Pb. 0.45 

Pb. 0.82 

Zn, 1 20 

: 


Pb. 0.51 

Zn. 1.62 


oooo 

iH 


[ Zn, 49 2 

Pb, 5.3 

a 


Zn, 48.78 

Pb, 4.83 


Pb, 58.0 

Zn, 9 5 

Ag, 18.0 

Pb, 62.0 

Pb, 58.1 

Zn, 14.8 


Pb, 58.81 

Zn, 11.06 

CaO, 1 2 

Pb, 6.6; Zn, 2.8; 
Ag, 2.2; Insol- 
uble, 80.0; Fe, 
2.2; Mn. 0.1; S, 
3.2; CaO, 1.5 


o 

CD r-l 

d d 

pLntSJ 


Pb, 7.0 

Zn, 13.8 

0 62; pine oil, 0 19, and 
CuSO*, 1.15, to Cal- 
low section. Same to 
M. S. but less 

Same as mill No. 4. 
Note: This is a new mill 
in operation only since 
Deo., 1926, and data 
are not average, but 
approximately correct 

K-xanthate, 0.01, and 1 
pine oil, 0 24 | 

Galena flotation: NaCn, 
0.28, added to surge 
tanks. K-xanthate, 
0.04, ahead of lead 
rougher. Sphalerite: 
CuSO*. 2 0; Na 2 C0 3 , 
1.5 and xanthate, 0.05 


Galena flotation: NaCn, 
0.5 and NajCOs, 0.9, 
to surge tank. Xan- 
thate, 0.03, head of 
flotation machine. 
Barrett’s No. 4, 0.3. 
Sphalerite: CuS0 4 , 

M. S “Sub-A” and 
26 10-£t Callows, j 
Cleaners: 13 10-ft. Cal- . 
lows 

Lead section rougher s: 1 
8-cell 24-in M S. 
"Sub-A" and 3 10-ft 
Macintosh cells. 
Cleaners: 2 10-ft Cal- 
lows. Zinc section 
roughers: 1 8-cell 24 in. 
M. S. "Sub-A" and 
j cleaners 2 10-ft. Cal- 
lows 

6 Parker cells, 2 Callow 
cells, and 1 Hearing cell 

Lead roughers: 2 10-cell 
16-in. Fahrenwald ma- 
chi nes in series. 
Cleaners double clean- 
ing practiced in 2 Hear- 
ing cells. Zinc Tough- 
ers. 2 10-cell 16-in. 
Fahrenwald cells in 
series. Cleaners dou- 
ble cleaning in two 
Hearing cells 

1 10-cell 16 in. Fahren- 
w r ald. First 2 cells 
cleaners and balance 
roughers 

Lead roughers: 1 10- 

* cell 16-in. Fahrenwald. 
Lead cleaners: 1 Hear- 
ing cell. Zinc rough- 
ers: 1 10-cell 16-in. 
Fahrenwald. Zinc 
cleaners: 2 Hearing cells 


. 

GO 

d 




•3 




* • 


$5 

a 


a 

a 


b* 

n 

n 

n 

a 


£ Silver in ounces. 
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Cu, 0.6 

Mostly as 
carbonate 




Copper concen- 
tration 

Cu, 40.0 

Sb, 0.5 

Fe, 1 0 
Insoluble, 15 0 


Cu, 2.5 

Fe, 0.5 
Insoluble, 95 0 

[ amounts and combina- 
; tions. Sphalerite: 
Xanthate, soda ash, 
copper sulfate, sodium 
sulfide, lime, just pre- 
ceding circuit. Oils: 
Pine oil, Barrett’s No. 

4 P. E oil in varying 
amounts and combina- 
tions 

Soda ash, 0 5 added to 
ball mill; 0 1 xanthate 
added part at ball null 
and part to flotation 
machines. Cleveland 
Cliffs NcT 1 and No. 5 
pine oil 


2 4-cell 15 in. Fahren- 
wald machines, one cell 
used as cleaner and 
seven as Toughers 

( 

0 
ja 

3 

1 

0 

1 
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According to researches made by the research staff of the 
United Verde Copper Co. ( Trans . A.l.M.E . , San Francisco 
meeting, 1929) lime in a flotation pulp is consumed by adsorp- 
tion. by reaction with oxidation products on the minerals 
produced before or during grinding and flotation, by carbon 
dioxide from the air coming into contact with the pulp and by 
reaction with constituents of the water used. Grinding an 
ore in limewater with exclusion of oxygen produced a pulp 
which gave worse flotation results in flotation of chalcopyrite 
and sphalerite and /-ejection of pyrite than one in which plenty 
of oxygen was present during grinding. The addition of lime 
to a thick pulp from a grinding mill and conditioning by aerating 
permitted better subsequent flotation results than adding the 
same amount of lime to a pulp diluted to flotation density 
before similar conditioning. The soluble reducing agents 
produced by action of lime and oxygen, when introduced in 
controlled quantities similar to those observed in the work 
recorded above, showed no perceptible effect on the flotation. 



SECTION VII 
CYANIDATION 


Flow of Sand and Water through Spigots 1 
Relation op Composition to Viscosity op Mixtures op 
Sand and Water • 


Kilo- 
grams 
sand and 
water 

Kilo- 

grams 

sand 

Kilo- 
grams 
ind literal 
water 

Liters 

sand 

Liters 
sand and 
water 

Per cent, 
sand by 
volume 

Per cent. 
Band by 
weight 

Vis- 
cosity 
of mix- 
ture 

9.20 

0.00 

9.20 

0.000 

9.20 

0.00 

0.00 

1.00 

9.30 

0.45 

8.85 

0.165 

9.02 

1.83 

4.84 

1.02 

9.35 

1.10 

8.25 

0.405 

8.66 

4.68 

11.8 

1.06 

9.35 

1.40 

7.95 

0.515 

8.47 

6.08 

15.0 

1.09 

9.40 

1.90 

7.50 

0.699 

8.20 

8.53 

20.2 

1.12 

9.40 

1.95 

7.45 

0.717 

8.17 

8,78 

20.8 

1.13 

9.55 

2.20 

7.35 

0.809 

8.16 

9.92 

22.0 

1.13 

9.20 

2.25 

6.95 

0.827 

7.78 

10.6 

24.4 

1 18 

9.05 

2.50 

6.55 

0.920 

7.47 

12.3 

27.6 

1.23 


A concrete example, illustrating the use of the data given 
above, may prove of interest. It is desired to discharge from 
the pocket of a classifier 40 tons of sand per 24 hours together 
with water in the ratio of 1 part of sand to 3 parts of water 
by weight. The head of water above the spigot is 3 ft. The 
form of the spigot is that of a short tube with a conical mouth 
on the influx end. The mean specific gravity of the sand is 
2.81. What must be the diameter of the spigot opening? 
For the sake of convenience, metric units are used in making the 
calculation. The area of the spigot opening may be obtained 
from the formula: 

a = 

cy/2gh 

Taking up the terms on the right hand of the equation in 
order, f the viscosity, may be estimated as follows: The weight 
ratio of water to sand in the mixture to be discharged is 3 to 1. 
Considering 100 grams of the mixture, the weight of water is 75 
grams; its volume is 75 cc. The volume of the sand is 25 grama 
-t- 2.81 (the density of the sand) = 8.9 cc. The total volume of 
100 grams of the mixture is 75 + 8.9 = 83.9 cc. Henqp the per- 
centage of sand by volume in the mixture is 8.9 j 83.9 = 10.6. 
From the lower curve of Fig. 1, the viscosity of a mixture contain- 
ing 10.6 per cent, of sand by volume is 1.17. Therefore, / = 1.17. 
The quantity of sand discharged per 24 hours is 40 tons. One 
1 Richards and Dudlby, Trans. A. I. M. E., January, 1915. 
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ton per 24 hours is 0.63 fc kg. per minute. Forty tons per 24 
hours is 40 X 0.631 = 25.2 kg. per minute. The volume of 
sand per minute is 25.2 -s- 2.81 (the density) = 8.98 liters. 
The quantity of water per minute is three times that of the sand 
25.2 X 3 = 75.6 kg. = 75.6 liters. The total volume of sand 
and water per minute is 8.98 (sand) + 76.5 (water) = 85.5 
* 7 " 60 = 1.43 liters = 1430 cc. 



Since the spigot is to consist of a short tube with a conical 
mouth on the influx end, the coefficient of discharge, c, may be 
assumed as 0.88. Substituting these values in the above 
equation gives for the area of the spigot opening : 


1.17 X 1430 


= 1.42 sq. cm. 


0.88 V2 X 980 X 914 
'fhe diameter may be obtained from the relation: 


d = 1.35 cm. = 0.53 in. 


Pulp Constants 

In an article by G. H. Clevenger, H. W. Young and T. N. 
Turner (ifrigr. and Min. Journ ., Dec. 19, 1914) it was shown 
that the ordinary calculations for contents of tanks, weights of 
tailings, etc.,' based on the assumption that the specific gravity 
of the solution was 1, were incorrect by large amounts. Cle- 
venger worked out. a set of complete tables covering these con- 
stants, of frhich only the basic formulas are here given. 

Let a = Specific gravity of wet pulp. 

S — Specific gravity of dry slime. 
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V =■ Total volume of wet pulp. 
m = Total weight of dry slime in wet pulp. 
c = Volume of solution in wet pulp. 
d *= Specific gravity of solution. 

P = Percentage of dry slime in wet pulp. 


m 4- cd 


S = 


V (V - c) 

Solving for c , equating values, simplifying and solving for m: 
SV (a - d) 

(S -w 

P is obtained by multiplying the above value of m by 100 
and dividing by weight of the wet pulp, Va : 

100S(a - d) 

' a(S - d) 

The error introduced by assuming d = 1 is not a negligible one. 


Specific Gravity of Working Cyanide Solutions 


Solution 

Specific gravity 

Fresh solution 

V 

1.00170 

1.00281 

1.00279 

1 .00881 

1 .00873 
1.00314 
1.00142 
1.01000 
1.00210 
1.00309 

Butters plant, Virginia City, Nev. . . 
Butters plant, Virginia City, Nev . . . 
Belmont plant, Tonopah, Nev 

Heads 

Tails 

Heads 

Tails 

Heads 

Heads 

Heads 

Belmont plant, Tonopah, Nev . . . 
Montana-Tonopah, Tonopah, Nev. . 

Empire, Grass Valley, Calif 

Portland, Colorado Springs, Colo. . 
South Africa, average 

Pittsburgh-Silver Peak, Blair, Nev. . 

Heads 


Slime Coagulants 1 


Substances 

Aluminum sulphate 

Alum (potassium aluminum) 

Ferric sulphate 

Alum fammonium) 

Alum (ammonium-chromium) 

-Lime 

Magnesia 

Alum (potassium-chromium) . 

Calcium chloride 

Calcium carbonate 

Calcium sulphate 

Magnesium sulphate 

Sodium chloride 

Sodium sulphate 


Quantities iequired 
by weight, to pro- 
duoe equal effects 
100 
143 
223 
252 
295 
654 
748 
958 

. . . 1,095 

. . . 1,245 

. . . 2,870 

, . . 3,460 

. .. 45,900 
. . . 61,700 


1 Meqraw, “ Practical Data for the Cyanide Plant,” adapted from 
.Julian and Suabt. 
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Number of Cubic FAet for each Foot of Depth of 
Cylindrical Tanks 1 


si 





Diameter , 

feet 





jS § 
Q - j 

10 

■ ■ 1 

11 

12 

i 

13 

14 

15 

1 16 

17 

18 i 

19 

20 

0 

78.54 

95.03 

113.1 

132.7 

153.9 

176.7 

201 1 

227 0 

254.5 

283.5 

314.3 

H 

79.19 

95.75 

113.9 

133.5 

154.8 

177.7 

202 1 

228 1 

255 6 

284.7 

315.5 

1 

79.85 

96.48 

114.7 

134.4 

155.8 

178.7 

203 2 

229 2 

256.8 

286 0 

316.8 

iw 

80.51 

97.20 

115.5| 

135.3 

156.7 

179.7 

204 2 

230 3 

258.0 

287.2 

318.1 

2 

81.18 

97 . 93 

116,3 

136.2 

157.6 

180.7 

205 3 

231.5 

259.2 

288.5 

319.4 

2 W 

81.85 

98.66 

117.1 

137.0 

158.5 

181.7 

206.3 

232.6 

260.4 

289.7 

320.7 

3 

82.52 

99 . 40 

117.9 

137.9 

159.5 

182.7 

207.4 

233.7 

261.6 

291.0 

322.1 

3 W 

83.19 

100.1 

118.7 

138.7 

160.4 

183.7 

208 4 

234.8 

262.8 

292.3 

323.4 

4 

83.86 

100.9 

119.5 

139.6 

161.4 

184.7 

209 5 

236.0 

264.0 

293 6 

324.7 

4 W 

84 . 54 

101.6 

120.3 

140.5 

162.3 

185.7 

210 6 

237.1 

265.2 

294.8 

326.0 

5 

85.22 

102.4 

121.1 

141.4 

163.2 

186.7 

211.7 

238.2 

266.4 

296 1 

327.4 

5 H 

85.90 

103.1 

121.9 

142.2 

164.1 

187.7 

212 7 

239.3 

267.6 

297.3 

328.7 

6 

86.59 

103.9 

122.7 

143.1 

165.1 

188.7 

213.8 

240.5 

268.8 

298.6 

330.1 

6 W 

87.28 

104 . 6 

123.5 

144.0 

166 . 0 

189.7 

214.9 

241 .6 

270.0 

299.9 

331.4 

7 

87.97 

105.4 

124.4 

144.9 

167.0 

190.7 

216.0 

242.8 

271.2 

301.2 

332.8 

7 H 

88.66 

106.1 

125.2 

145.8 

167.9 

191 .7 

217.1 

243.9 

272.4 

302.5 

334.1 

8 

89.36 

106.9 

126.0 

146.7 

168.9 

192.8 

218.2 

245.1 

273.7 

303.8 

335.5 

8 W 

90.06 

107.6 

126.8 

1147.6 

169 9 

193.8 

219.3 

246.2 

274.9 

305.1 

336.8 

0 

90.76 

108.4 

127.7 

148.5 

170.9 

194.8 

220.4 

247.4 

276.1 

306.4 

338.2 

9 W 

91.47 

109 . 2 

128.5 

149.4 

171.8 

195.8 

221.5 

248.6 

277.3 

307.6 

339.5 

10 

92.18 

110.0 

120. 4 

150.3 

172.8 

196 9 

222.6 

249.8 

278.6 

308.9 

340.9 

10 W 

92.89 

110.7 

130.2 

151.2 

173.8 

197.9 

223.7 

250.9 

279.8 

310.2 

342.2 

11 

93.60 

111.5 

131.0 

152.1 

174.8 

199.0 

224.8 

252.1 

281.0 

311.5 

343.0 

liw 

94.31 

112.3 

131.8 

153.0 

J 75 . 7 

200.0 

225.9 

253.3 

282.2 

312.8 

345.0 


Number of Cubic Feet for each Foot of Depth of 
Cylindrical Tanks . 1 Continued 


T oo 

es 

r 








Diameter 

, feet 








4 o 1 

a-s 1 

21 

22 

| 23 

L 24 _ 

25 

1 20 

27 

2 S 

29 

| 30 

31 

0 

340 

A - 

380 

.1 

415 

.5 

152 

J 

490 

.9 

530, 

.9 

j 572 . 

.6 

61 5 

1 

.8 

660, 

.5 

706. 

9 

754.8 

w 

347. 

.7 

381 

.5 

417. 

.0 

453 

.9 

492 

.5 

532 

.6 

574, 

,3 

617 

.6 

662. 

.4 

708. 

,8 

750.8 

1 

349 

.1 

383 

.0 

418, 

.5 

455 

.5 

494 

.2 

534 

.3 

576. 

.1 

619 

A 

064, 

.3 

710. 

,8 

758.8 

1 W 

350, 

.5 

384 

.4 

420, 

.0 

457 

.1 

495 

.8 

536, 

.0 

577. 

.8 

621 

.2 

666, 

.2 

712. 

,7 

760.8 

2 

351. 

.9 

385, 

.9 

421, 

.5 

458 

.7 

497, 

.4 

537, 

.8 

579. 

,6 

623 

.1 

668. 

.1 

714. 

,7 

762.9 

t 2 W 

353. 

.3 

387, 

.3 

423, 

.0 

460 

.3 

499, 

.0 

539, 

.5 

581. 

,4 

024 

.9 

670 

.0 

716. 

,7 

764.9 

3 

354. 

.7 

388, 

.8 

424, 

.6 

461, 

.9 

500 , 

.7 

.511, 

.2 

583. 

j ? 

626 

.8 

672. 

.0 

718, 

,7 

767.0 

3 H 

356. 

.0 

390 

.2 

426, 

.1 

163, 

.4 

502. 

.4 

542. 

,9 

585. 

,6 

628 

.6 

673, 

,9 

720. 

7 

769.0 

4 

357. 

4 

391. 

.7 

427, 

,6 

465, 

.0 

504, 

.1 

544, 

.6 

580. 

,8 

630 

.5 

675. 

.8 

722. 

7 

771.1 

4 W 

358. 

.8 

393. 

.2 

429, 

.1 

466, 

.6 

505. 

. 7 ': 

546. 

,3 

588. 

6 

632 

.3 

677. 

.7 

724. 

6 

773.1 

5 

360. 

2 

394, 

.7 

430, 

,7 

468 , 

.2 

507 , 

A 

518, 

,1 

590. 

,4 

634 

.2 

679, 

.6 

726 

6 

775.2 

5 W 

361. 

6 

396. 

,1 

432. 

2 

469, 

.8 

509. 

.0 

549. 

,8 

592. 

2 

636, 

.0 

681. 

,5! 

728. 

0 

777.2 

6 

363. 

1 

397. 

,6 

433. 

,7 

471, 

,4 

510, 

,7 

551 . 

,5 

594. 

0 

637, 

.9 

683. 

,5 

730. 

6 j 

779.3 

6 W 

364. 

5 

399. 

.1 

435 . 

,2 

473 , 

.0 

512 . 

.3 

553. 

,2 

595. 

8 

639, 

.8 

685. 

4 

732. 

,6 

781.3 

7 

365. 

9 

400 

6 

436. 

,8 

474, 

.6 

514. 

,0 

555, 

,0 

597. 

6 

641, 

.7 

687. 

,4 

734. 

6 

|783.4 

7 W 

367. 

3 

402. 

0 

438. 

3 

476. 

.2 

515. 

7 

556. 

,7 

599. 

4 

643, 

,5 

689. 

3 

736. 

,6 

785.5 

8 

368. 

7 

403. 

5 

439. 

9 

477. 

.9 

517. 

4 

558. 

5 

601. 

2 

645, 

.4 

691. 

2 

738. 

.6 

787.6 

8 W 

370 1 

a 

405. 

0 

441. 

4 

479. 

,5 

519, 

1 

560. 

,2 

603. 

0 

647, 

.3 

693. 

1 

740. 

6 

789.6 

9 

371. 

5 

406. 

5 

443. 

0 

481. 

1 

520. 

8 

562. 

0 

604. 

8 

649. 

,2 

695. 

1 

742. 

0 

791.7 

9 W 

372 

9 

408. 

0 

444. 

5 

482. 

7 

522. 

4 

563. 

7 

606. 

6 

651. 

0 

697. 

0 

744. 

6 

793.8 

10 

374. 

4 

409. 

5 

446. 

1 

484. 

4 

524. 

1 

565. 

6 

608. 

4 

652. 

,9 

699 

0 

746. 

7 

795.9 

10 W 

375. 

8 

411. 

0 

447. 

7 

486. 

0 

525 

8 

567. 

2 

610. 

2 

654. 

.8 

700. 

9 

748 

7 

798.0 

ML 

377. 

3 

412 

5 

449 

3 

487 

6 

527. 

5 

569. 

0 

612. 

1 

656. 

,7 

702 

9 

750 

7 

800.1 

11 W 

378. 

n 

414. 

0 

450. 

8 

489. 

2 

529. 

2 

570. 

8 

613. 

9 

658. 

,6 

704, 

9 

752. 

I 

802.1 
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Number op Cubic Feet for eacIi Foot op Depth op 
Cylindrical Tanks. 1 Continued 



Diameter, feet 

32 I 33 I 34 I 35 I 30 | 37 I 3S I 39 I 40 I 41 1 2 


804.2 855.3 907.9 902.1 1018 1075 1134 1195 1257 1320 1385 

800.3 857.4 910.1 9G4.4 1020 1077 1130 1197 1259 1323 1388 

808.4 859.6 912.4 966.7 1023 1080 1139 1200 1262 1326 1391 

810.5 861.8 914.6 969.0 1025 1082 1141 1202 1264 1328 1393 

812.6 864.0 916.8 971.3 1027 1085 ltt4 1205 1267 1331 1396 

814.7 866.1 919.0 973.6 1029 1087 1146 1207 1269 1333 1399 
816.9 868.3 921.3 975.9 1032 1090 1149 1210 1272 1336 1402 

819.0 870.5 923.5 978.2 1034 1092 1151 1212 1275 1339 1405 

821.1 872.7 925.8 980.5 1037 1095 1154 1215 1278 1342 1408 

823.2 874.8 928.0 982.8 1039 1097 1156 1217 1280 1344 1410 

825.3 877.0 930.3 985.2 1042 1100 1159 1220 1283 1347 1413 

827.4 879.2 932.5 987.5 1044 1102 1161 1222 1285 1350 1416 

829.6 881.4 934.8 989.8 1046 1104 1164 1225 1288 1353 1419 

831.7 883.6 937.0 992.1 1048 HOG 1166 1228 1291 1355 1421 

833.8 885.8 939.3 994.5 1051 1109 1169 1231 1294 1358 1424 

835.9 888.0 941.6 996.8 1053 1111 1171 1233 1296 1361 1427 

838.1 890.2 943.9 999.1 1056 1114 1174 1236 1299 1364 1430 

840.2 892.4 946.1 1001 1058 1116 1176 1238 1301 1366 1432 

842.4 894.6 948.4 1004 1061 1119 1179 1241 1304 1369 1435 

844.5 896.8 950.1 1006 1063 1121 llftl 1243 1307 1371 1438 

846.7 899.0 953.0 1008 1066 1124 1184 1246 1310 1374 1441 

848.8 901.2 955.2 1010 1068 1126 1186 1248 1312 1377 1444 

851 .0 903.5 957.5 1013 1070 1129 1189 1251 1315 1380 1447 

853.1 905.7 959 8 1015 1072 1131 1192 1254 1317 1382 1450 


Number op Cubic Feet for each foot of Depth op 
Cylindrical Tanks. 1 Continued 


Diameter, feet 

Diameter, 

inches 43 44 45 4G> 47 48 49 50 51 52 53 54 

0 1452 1521 1590 1662 1735 1810 1886 1963 2043 2124 2206 2290 

Yi 1455 1523 1593 1665 1738 1813 1889 1966 2046 2127 2209 2293 

1 1458 1526 1596 1668 1741 1816 1892 1970 2050 2131 2213 2297 

1 Yi 1460 1529 1599 1671 1744 1819 1895 1973 2053 2134 2216 2300 

2 1463 1532 1602 1674 1747 1822 1899 1977 2056 2137 2220 2304 

2 M 1466 1535 1005 1677 1750 1825 1902 1980 2059 2140 2223 2307* 

3 1469 1538 1608 1680 1763 1828 1905 1983 2063 2144 2227 2311 

3 M 1472 1541 1611 1683 1750 1831 1908 1986 2066 2147 2230 2315 

4 1475 1544 1614 168G 1760 1835 1911 1990 2070 2151 2234 2319 

AM 1477 1546 1617 1689 1763 1838 1914 1993 2073 2154 2237 2322 

5 1480 1549 1620 1692 1766 1841 1918 1996 2076 2158 2241 2326 

5 M 1483 1552 1623 1695 1769 1844 1921 1999 2079 2161 2244 2329 

6 1486 1555 1626 1698 1772 1847 1924 2003 2083 2165 2248 2333 

6^2 1489 1558 1629 1701 1775 1850 1927 2006 2086 2168 2251 2336 

7 1492 1561 1632 1704 1778 1854 1931 2010 2090 2172 2255 2340 

7 M 1495 1564 1635 1707 1781 1857 1934 2013 2093 2175 2258 2343 

8 1498 1567 1638 1710 1785 1860 1937 2016 2097 2179,2262 2347 

SM 1500 1570 1641 1713 1788 1863 1940 2019 2100 2182 ’2265 2351 

9 1503 1573 1644 1717 1791 1867 1944 2023 2103 2185 2269 2354 

9 H 1506 1576 1647 1720 1794 1870 1947 2026 2106 2188 2273 2357 

10 1509 1579 1650 1723 1797 1873 1950 202ft 2110 2192, 2276 2361 

10 M 1512 1582 1653 1726 1800 1876 1953 2032 2113 2195 2279 2365 

11 1515 1585 1656 1729 1803 1879 1957 2036 2117 2199 2283 2369 

11 M 1518 1587 1659 1732 1806 1882 1960 2039 2120 2202 2286 2372 
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Number of Cubic Feet for each Foot of Depth of 
Cylindrical Tanks . 1 Continued 


Diameter, 

inches 


0 

H 

1 

Hi 

2 

2*6 

3 

3*6 

4 

4*6 

5 

5*6 

6 

6*6 

7 

7*6 

8 

8*6 

9 

9*6 

10 

10*6 

11 

11*6 


Diameter, feet 


55 

56 

57 

58 

59 

— 

60 

61 

62 

63 

64 

65 

2376 

2379 

2383 

2386 

2390 

2393 

2397 

2401 

2405 

2408 

2412 

2415 

2419 

2422 

2426 

2430 

2434 

2437 

2441 

244*1 

2448 

2452 

2456 

2459 

2463 

2466 

2470 

2474 

2478 

2481 

2485 

2488 

2492 

2496 

2500 

2603 

2507 

2511 

2515 

2518 

2522 

2525 

2529 

2533 

2537 

2540 

2544 

2548 

2552 

2555 

2559 

2563 

2567 

2570 

2574 

2578 

2582 

2585 

2589 

2593 

2597 

2600 

2604 

2608 

2612 

2615 

2619 

2623 

2627 

2630 

2634 

2638 

2642 

2646 

2650 

2653 

2657 

2661 

2665 

2669 

2673 

2676 

2680 

2684 

2688 

2691 

2695 

2699 

2703 

2707 

2711 

2715 

2719 

2722 

2726 

2730 

2734 

2738 

2742 

2745 

2749 

2753 

2757 

2761 

2765 

2769 

2773 

2777 

2781 

2784 

2788 

2792 

2796 

2800 

2804 

2808 

2812 

2816 

2820 

2823 

2827 

2831 

2835 

2839 

2843 

2847 

2851 

2855 

2859 

2863 

2867 

2871 

2875 

2879 

2883 

2887 

2891 

2895 

2899 

2903 

2907 

2910 

2914 

2918 

2922 

2926 

2930 

2934 

2938 

2942 

2946 

2950 

2954 

2958 

2963 

2967 

2971 

2975 

2979 

2983 

2987 

2991 

2995 

2999 

3003 

3007 

3011 

3015 

3019 

3023 

3027 

3031 

3035 

3039 

3043 

3047 

3052 

3056 

3060 

3064 

3068 

3072 

3076 

3080 

3084 

3088 

3093 

3097 

3101 

3105 

3109 

3113 

3117 

3121 

3125 

3129 

3134 

3138 

3142 

3146 

3150 

3154 

3159 

3163 

3167 

3171 

3175 

3179 

3184 

3188 

3192 

3196 

3200 

3204 

3209 

3213 

3217 

3221 

3225 

3229 

3234 

3238 

3242 

3246 

3251 

3255 

3259 

3263 

3267 

3271 

3276 

3280 

3284 

3288 

3293 

3297 

3301 

3305 

3310 

3314 

3318 

3322 

3327 

3331 

3335 

3339 

3344 

3348 

3352 

3356 

3361 

3365 

3370 

3374 

3378 

3382 

3387 

3391 

3395 

3399 

3404 

340g 

341 3 

341 7 


Number of Cubic Feet for each Foot of Depth of 
Cylindrical Tanks . 1 Continued 


Diameter, 

inches 


0 

*6 

1 

1*6 

2 

2*6 

3 

3*6 

4 

4*6 

5 

5*6 

6 

6*6 

7 

7*6 

9 

9*2 

10 • 
10*6 
11 

11*6 


Diameter, feet ~» 


66 

67 

68 

G9 

7V 

71 

72 

73 

74 

75 

76 

3421 

3425 

3430 

3434 

3438 

3442 

3447 

3451 

3456 

3460 

3465 

3469 

3473 

3477 

3482 

3486 

3491 

3495 

3499 

3503 

3508 

3512 

3517 

3521 

3526 

3530 

3534 

3538 

3543 

3547 

3552 

3556 

3561 

3565 

3570 

3574 

3578 

3582 

3587 

3591 

3596 

3600 

3605 

3609 

3614 

3618 

3623 

3627 

3632 

3636 

3641 

3645 

3650 

3654 

3658 

3662 

3667 

3671 

3676 

3680 

3685 

3689 

3694 

3698 

3703 

3707 

3712 

3716 

3721 

3725 

3730 

3734 

3739 

3743 

3748 

3752 

3757 

3761 

3766 

3770 

3775 

3780 

3785 

3789 

3794 

3798 

3803 

3807 

3812 

3816 

3821 

3825 

3830 

3834 

3839 

3843 

3848 

3853 

3858 

3862 

3867 

3871 

3876 

3880 

3885 

3889 

3894 

3899 

3904 

3908 

3913 

3917 

3922 

3926 

3931 

3936 

3941 

3945 

3950 

3954 

3959 

3963 

3968 

3973 

3978 

3982 

3987 

3991 

3996 

4001 

4006 

4010 

4015 

4020 

4025 

4029 

4034 

4038 

4043 

4048 

4053 

4057 

4062 

4067 

4072 

4076 

4081 

4085 

4090 

4095 

4100 

4104 

4109 

4114 

4119 

4123 

4128 

4133 

4138 

4142 

4147 

4152 

4157 

4161 

4166 

4171 

4176 

4180 

4185 

4190 

4195 

4200 

4205 

4209 

4214 

4219 

4224 

4228 

4233 

4238 

4243 

4248 

4253 

4257 

4262 

4267 

4272 

4276 

4281 

4286 

4291 

4296 

4301 

4306 

4311 

4315 

4320 

4325 

4330 

4335 

4340 

4344 

4349 

4354 

4359 

4364 

4369 

4374 

4379 

4383 

4388 

4393 

4398 

4403 

4408 

4413 

4418 

4423 

4428 

4433 

4438 

4442 

4447 

4452 

4457 

4462 

4467 

4472 

4477 

4482 

4487 

4492 

4497 

4502 

4507 

4512 

4517 

4522 

4527 

4531 

4536 

4541 

'4546 

4551 

4556 

4561 

4566 

4571 

4576 

4581 

4586 

4591 

4596 

4601 

4606 

4611 

4616 

4621 

4626 

4631 

4636 

4641 

4647 

4652 
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Number op Cubic feet for each Foot of Depth of 
Cylindrical Tanks . 1 Continued 


Diameter, 

inches 

| Diameter, feet 

77 

78 

79 

80 

81 

82 

83 

84 

85 j 

86 

87 

0 

4657 

4778 

4902 

5027 

5153 

5281 

.5411 

5542 

5675 

5809 

5945 

K 

4662 

4783 

4907 

5032 

5158 

5286 

5416 

5547 

5680 

5814 

5950 

1 

4667 

4789 

4912 

5037 

5164 

5292 

5421 

5553 

5686 

5820 

5956 

IK 

4672 

4794 

4917; 

5042 

5169 

5297 

5426 

5558 

5691 

5825 

5961 

2 

4677 

4799 

4922 

5048 

5174 

5303 

54 A2 

5564! 

5697 

5831 

5967 

2K 

4682 

4804 

4927 

5053 

5179 

5308 

5437 

5569 

5702 

5837 

5973 

3 

4687 

4809 

4933 

5058 

5185 

5313 

5443 

5575 

5708 

5843 

5979 

ZK 

4692 

4814 

4938 

5063 

5190 

5318 

5448 

5580 

5713 

5848 

4984 

4 

4697 

4819 

4943 

5069 

5195 

5324 

5454 

5586 

5719 

5854 

5990 

4K 

4702 

4824 

4948 

5074 

5200 

5329 

5459 

5591 

5724 

5859 

5996 

6 

4707 

4830 

4954 

5079 

5206 

5335 

5465 

5597 

5730 

5865 

6002 

BK 

4712 

4835 

4959 

5084 

5211 

5340 

5470 

5602 

5735 

5871 

6007 

6 

4717 

4840 

4964 

9509 

5217 

5346 

5476 

5608 

5741 

5877 

6013 

BK 

4722 

4845 

4969 

5095 

5222 

5351 

5481 

5613 

5747 

5882 

6019 

7 

4727 

4850 

4974 

5100 

5227 

5356 

5487 

5619 

5753 

5888 

6025 

7 K 

4732 

4855 

4979 

5105 

5232 

5361 

5492 

5624 

5758 

5893 

6030 

8 

4738 

4860 

4985 

5111 

5238 

5367 

5498 

5630 

5764 

5899 

6036 

SK 

4743 

4865 

| 4990 

5116 

5243 

5372 

5503 

5635 

5769 

5905 

6042 

9 

4748 

4871 

4995 

5121 

5249 

5378 

5509 

5641 

5775 

5911 

6048 

9 K 

4753 

4876 

5000 

5126 

5254 

5383 

5514 

5646 

5780 

5916 

6053 

10 

4758 

4881 

5006 

5132 

5260 

5389 

5520 

5652 

5786 

5922 

[6059 

10K 

4763 

4886 

5011 

5137 

5265 

5394 

5525 

5657 

5792 

5927 

6065 

11 

4768 

4891 

5016 

5142 

5270 

5400 

5531 

5663 

5798 

5933 

6071 

11K 

4773 

4896 

5021 

5147 

5275 

5405 

5536 

5669 

5803 

5939 

6076 


Number of Cubic Feet for each Foot of Depth of 
Cylindrical Tanks . 1 Continued 


Diameter, 

inches 


0 

K 

1 

IK 

2 

2K 

3 

3 K 

4 

4K 

6 

5K 

6 

BK 

7 

7K 

8 

8h 

9 

m 

10 

1QK 

n 

UK 


Diameter, feet 


88 89 90 01 02 93 04 05 06 07 08 99 


6082 

6088 

6094 

6099 

6105 

6111 

6117 

6122 

6128 

6134 

6140 

6145 

6151 

6157 

6163 

6169 

6175 

6180 

6186 

6192 

6198 

6203 

62091 

6215 


6221 

6227 

[6233 

6238 

'6244 

6250 

6256 

6262 

6268 

6274 

6280 

6285 

6291 

6297 

6303 

6309 

6315 

8320 

6326 

6332 

6338 

6344 

6350 

6356 


6362 

6368 

6374 

6379 

6385| 

6391 

6397 

6403 

6409 

6415 

6421 

6427 

6433 

6438| 

6444 

6450 

6456 

6462 

6468 

6474 

6480 

6486 

6492 

6498 


6504 

6510| 

6516| 

6522 

6528 

6534 

6540 

6546 

6552 

6558 

6564 

6570 

6576 

6582 

6588 

6594 

6600 

6606| 

6612 

6618 

6624 

6630| 

6636 

6642 


6654 
6660 
6666 
6672 
6678 
6684 
6691 
6691 
6702 
6708 1 
6714 
6720 
6726 
6732 
6738 
6744 
6750 
6756 
6762 
6769 
6775 
6781 
6787 


6793 
6799 
6805 i 
6811 
6817 
6823 
6829 
6835 
6842 
G848 
6854 
6860 
6866 
6872 
6878 
6884 
6891 
6897 i 
6903 
6909 j 
6915 
6921 
6927 
6933 


6940 

6946 

6952 

6958 

6864 

6970 

6977 

6983 

6989 

6995 

7001 

7007 

7014 

7020 

7026 

7032 

7039 

7045 

7051 

7057 

7063 

70691 

7076 

7082 


7088 
7094 
7101 
7107 
7113 
7119 
7126 
7132 
7138 
7144 
7151 
7157 
7163 1 
7169 
7176 
7182 
7188 
7194 
7201 
7207. 
7213 
7219 


7232 


7238 

7244 

7251 

7257 

7263 

7269 

7276 

7282 

7289 

7295 

7301 

7307 

7314 

7320 

7326 

7332 

7339 

7345 

7352 

7358 

7364 

7370 


7226^377 
7383 


7390 

7396| 

7403 

7409 

7415 

7421 

7428 

7434 

7441 

7447 

7453 

7459 

7466 

7472 

7479 

7485 

7492 

7498 

7505 

7511 

7517 

7523 

7530! 

7536 


7543 
75491 
7556 
7562 
7569 
7575 j 
7581 
7587 
7594 
7600 
7607 
7613 
7620 
1 7626 
7633 
7639 
1 7646 
7652 
17659 
7665 
7672 
7678 
1^7685 
7691 


7698 
7704 
7711 
7717 
7724 
7730 
7737 
7743 
7750 
7756 
7763 
7769 
7776 
1 7782 
7789 
7795 
7802 
7808 
7815 
7821 
7828 
7834 
7841 

78 si 


1785 


1 G. H. Clbvknqer, et al. t 
L9. 1914. 


'Pulp Constants," Eng. and Min. Jour., Deo* 
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Operating Data on Dorr Thickeners* 


Mill 

Sq. ft. 

settling 
area per 
ton of 
solids 
thickened 
per 24 hr. 

Sq. ft. 
settling 
area per 
gallon 
overflowed 
per 

minute 

Remarks 

San Rafael, Mexico 

. 4 5 


Tube-mill product, 75 per cent 
— 200 mesh, discharge 45 5 
per cent, solids. 

Liberty Bell, Colo- 
rado. 

15.0 

12.6 

Tube-mill product, much light 
argillaceous slime. Discharge 
33 per cent. Bolids: +100, 17 
per cent.; +200, 13 per cent.; 
— 200, 70 per cent. Feed 9 : 1 
Solution fed at oapacity; solids 
not. Large area per gallon 
overflowed per minute due to 
density of underflow and 
nature of the slime. 

Mogul, South Da- 
kota. 

3.92 


Tube-mill product, ore siliceous 
+ 60, 0.6 per cent.; +100, 
7 8 per cent.; +200, 26 per 
cent ; — 200, 65 0 per cent 
Discharge 56 to 59 per cent sol- 
ids. Continuous decantation 

Batopilas, Mexico 

0 . G to 0 . 9 


10-mesh product; 90 per cent 
passing 100 mesh. 

Zambona, Mexico 

3 1 


Tube- mill pioduct. Discharge 
40 per cent solids. 

Dominion, Ontario 

5 4 


Tube-milt product, 88 per cent 
— 200 mesh, ore diabase. Dis- 
charge 40 per cent, solids 
Feed 6:1. 

Porcupine-Crown, 

Ontario. 

4 . 25 

• 

Tube-mill product, 75 per cent 
— 200 mesh. Discharge 05 per 
cent, solids. Quartz ore. Con- 
tinuous decantation. With 

5 1 sq ft. settling area per ton 
sottles to 71 to 73 per cent 
solids. 

El Palmarito, Mex- 
ico | 

4 . 5 

1 


Tube- mill product: pure quart- 
zite, 97 per cent. —200 mesh 
Feed 7:1. Discharge 65 to 70 
per cent, solids. Continuous 
decantation. 

Amparo, Jalisco, 
Mex. 

; 4 9 

1 

1 4 

Tube-mill product, siliceous 
! 93.5 per cent. —200 mesh 
Feed 24.5:1. Discharge 23 5 
per cent, solids; used to feed 
vanners. 

Veta, Colorado, 

Parral, Mex. 

( 

5 0 

; 

Tube-mill product, rather argil- 
laceous: 7l per cent. —200 
mesh. Feed 11 -1. Discharge 
33 per cent solids for agitator 
Have settled to 65 per cent 
solids. 

Smuggler-Union, 
Telluride, Colo 



Very clayey slime with classi- 
fied sand. Screen test: +40, 
1.48 per cent.; +60, 7.27 per 

t 

9 


cent. 


1 Metallurgical and Chemical Engineering, February, 19X5. 

a. Not up to capacity of overflow'. 




CYANIDATION 


527 


Operating Data on Dorr Thickeners. Continued 


Mill 

Sq. ft. 
settling 
area per 
ton of 
solids 
thickened 
per 24 hr. 

Sq. ft. 
settling 
area per 
gallon 
overflowed 
per 

minute 

Remarks 

Smuggler-Union, 
Tellunde, Colo. 



+ 100, ,14.81 per cent.: +200, 
11.63 per cent.; -200, 65.81 
per cent. 


30.0 

10 0 

26 0 

Settling from cold water, slight- 
ly alkaline. Feed 8:1. Dis- 
charge 50 per cent, solids, 
1.429 sp gr. 

Settling from cyanide solution. 
Feed, 2 5:1. Discharge 40 per 
cent. Bolids, 1.316 sp. gr. 

\ large copper 
company, Arizona 

ll.fi 

s.n 

Considerable argillaceous slime. 
Feed 10.4 per cent. Bolide. 
Discharge 25.3 per oent. 
solids. 

Pennsylvania Steel, 
Lebanon, Pa 

14.2 

2.48 

! 

Thickening ahead of vanner 
concentration. Feed 2.8 per 
cent. s8hds. Discharge 10.6 
per cent, solids. Overflow 
0.4 per cent, solids, extremely 
fine, which does not interfere 
with using water again. 

Vevatla Consoli- 
dated, Ely, Ncv 


1 25 

“Each 17-ft. thickener supplies 
wash water for 20 Wilfley 
tables and occasionally for 
wash on vanners. One thick- 
ener has a greater oapacitv 
than twelve 8-ft. cones/’ 
Area of 17-ft. tank is 226 sq. 
ft ; of the twelve 8-ft. cones, 
525 sq. ft. 

broken Ilill, Pro- 
prietory, Austra- 
lia. 


t 1 : 0 

Dewatering slime from lead- 
zinc concentration mill Feed 
100:1. Discharge 55 per cent, 
solids. 

Dewatering slime from concen- 
tiator. Forty 4-deck thick- 
eners, each 28 ft. in diameter 
by 3 ft. 3 in. deep, handle* 
about 20,000,000 gal of pulp 
per day which contains ap- 
proximately 2 per cent, solids. 
A clear overflow obtained, the 
underflow containing about 15 
per cent, solids, which is fed 
io buddies. 

\naconda Copper, 
Mont. 


5 05 


The data given here allow that when pulp is earned in cyanide solution a 
provision of 5 to 6 sq. ft. per ton for a siliceous tube mill produot is ample 
and from 7 to 15 sq ft. for a clayey material or classified slim® product 
When very dilute products are handled the area required is determined 
usually by the gallons per minute to be overflowed. 
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Power Details for Pachtjca Tanks 1 


Ore 

Charge 

tons 

Free 
air, 
cu. ft. 

Pres- 
sure, 
lb. per 
sq. in. 

Horse- 

power 

Slime 

15 

5 

22 

0.5 

Concentrate . . . 

40 

17 

26 

2.0 

Slime 

35 

0 

22 

0.75 

Slime 

110 

16 

33 

1.75 

Fin# sand 

50 

25 

22 

2.25 

Battery pulp. . 


14 

22 

1.4 

Battery pulp . . 


22 

23 

2 3 

Battery pulp. . 


38 

35 

4.Q 


Tank. 

diam. Xnt., 
feet 


Pulp 


7.5X37 

7.5X37 

10X40 

13X55 

10X40 

7.5X37 

10X40 

13X55 


Thin. 

Thin. 

Thin. 

Thin. 

Thin. 

Thickened. 

Thickened. 

Thickened. 


1 Eng. and Mm. 


Journ., Vol. LXXXVI, 1908, p. 901. 


This estimation of horsepower required conforms to the 
popular ideas on that point. ’ On the basis of some careful tests 
which have been made, however, it is probable that actual power 
consumption is considerably higher. 

Principles of Cyanidation 

The cyanide process is based upon the solubility of gold and 
silver, and of some of the compounds of both metals, in an 
alkaline cyanide. The chemical theory is expressed in Eisner’s 
equation, which was first brought forward by him to show the 
action of oxygen in the dissolution of precious metals. It is 
as follows: 

2Au + 4KCN + O + H z O = 2KAu(CN) a + 2KOH. 

The usual cyanide salt was formerly potassium cyanide, but 
for reasons of economy, the sodium salt is principally used at 
the present time. The commercial product contains about 
125 to 128 percent, of the required compound in terms of KCN. 

The essential difference between' gold and silver cyanidation 
is that the gold is almost universally present as a free metal, 
and the cyanide dissolves the gold only. On the contrary, 
silver is seidom present in the free state, and usually occurs as 
a sulphide, chloride, or bromide. The sulphide is the most 
'rebellious of all the compounds, except those which contain 
highly complex mixtures of 'antimony, arsenic, cobalt and 
nickel, but all of these can be treated. Silver sulphide often 
goes into solution as a sulphide, and it requires some manipu- 
lation to separate the silver as a metal. 

The consumption of cyanide varies from as low as 0.1 lb. 
per ton of ore treated, in the case of fine free gold disseminated 
m pure quartz with no cyanicide, to as much as 5 or 6 lb. per 
ton in the pase of semi-rebellious silver ores. Of course the limit 
of cyanide- consumption depends entirely upon the richness of 
the ore to be treated. A rich ore will stand a higher consump- 
tion thap a poor, ore. Under ordinary commercial conditions, 
however, about 5 or 6 lb. per ton would be the limit on ore no 
matter how high its grade, since the consumption of much 
more cyanide than this would throw the cost up into competi- 
tion with the smelting processes, under which circumstances 
smelting would be preferable to cyanide treatment. 
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Good Uses for Old Belting 
By L. D. Anderson 1 

The “bone yard ” or scrap heap of every mill usually includes 
a large amount of worn-out belting. This material can be 
used to good purpose in several ways. 

It makes an excellent cover for wooden stair treads. These 
treads wear out fast when used constantly by men in hob-nailed 
shoes. Metal treads last longer, but soon become worn smooth, 
when they constitute an actual menace. But wooden treads 
with pieces of old belting nailed to them have their life pro- 
longed to a surprising degree and at the same time afford a 
secure footing. Canvas belting is better than rubber, as it 
does not become slippery when wet. 

Again, there are many places in wet concentrating mills 
where the laying of canvas belting on the floor would do much 
to prevent accidents. Wet slimy material, despite the most 
careful work frequently slops over and runs on the floor. It is 
easy for a man in a hurry to slip up in a puddle of slime and 
perhaps fall into a moving machine. The rough surface of 
old canvas belt would do much to prevent this. 

Capacities of Cylindrical Tanks 

T. F. Corcoran furnishes the table on pp. 530-531 for the 
capacities of cylindrical tanks in a horizontal position. The 
depth is expressed directly in inches and the coefficient C 
represents the volume in cubic feet of a tank 1 ft. long. The 
volume of the end portions is of course independent of the 
length of the tank. All that is required with this table is to 
multiply the coefficient C at any given depth in inches by the 
length of the tank and add or subtract the volume of the end 
portions corresponding to the given depth. 

This table has been made up to only 50 per cent, of the tank 
depth because it has been used mainly for making up calibration 
tables for each individual tank, this being desirable where the 
tanks are measured frequently. However, if a tank is more 
than half full it is a simple matter to subtract the volume of the 
empty space from the total volume of the tank. 


Superintendent, United States Smelting Co., Midvale, Utah. 
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Calorific and Evaporative Values of Various Liquid 

Fuels 



Sp. gr. 

Flash 

point, 

°F. 

Calorific 
value by 
bomb, 
calories 

Actual 
evapora- 
tion from 
and at 
212°F. 

American residuum. . 

0.886 

350 

10,904 

15 0 

Russian Astatki.'. . 

0.956 

308 

10,800 

14 8 

Texas 

0.945 

244 

10,700 

14 79 

Burma 

0.920 

230 

10,480 

14.5 

Borneo 

0.936 

285 

10,461 

14.0 

Mexican crude 

0.950 

290 

10,500 

14 90 

Oklahoma. 

0.863 


10,800 


Roumanian residue . 

0.946 


10,500 


Trinidad crude 

0.945 


10,200 


California 

0.962 


10,400 


Shale oil 

0.875 

288 

10,120 

13.8 

Blast furnace oil . 

0.979 

, 206 

8,933 

12.0 

Heavy tar oil . . . 

1.084 

218 

8,916 

12.0 

Gasoline 

0.7100 


11,733 


Ohio crude 

0.8048 


11,149 



1 Specially compiled for “The Petroleum Year Book, 1914 ” 
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Battm£ Gravity and Corresponding Specific Gravities 
Weights per Gallon and Calorific Power of Oil 1 


Baum6° 

Specific 

gravity 

Pounds in 
a gallon 

Calculated 
B.t.u. per 
pound 

Calculated 
B.t.u. per 
gallon 

Remarks 

14 

0.9722 

8.10 

18,810 

152,361 


15 

0.9655 

8.05 

18,850 

151,743 


16 

0.9589 

7.99 

18,890 

150,931 


17 

0.9523 

7.94 

18,930 

150,304 


18 

0.9459 

7.88 

18,970 

149,484 


19 

0.9395 

7.83 

19,010 

148,848 

Mexico, Cali- 

20 

0.9333 

7.78 

19,050 

148,209 

fornia. Tex- 

21 

0.9271 

7.73 

19,090 

147,506 

as ana Kan- 

22 

0.9210 

7.68 

19,130 

146,918 

bBis crudes, 
fuel oil 

23 

0.9150 

7.63 

19,170 

146,267 


24 

0.9090 

7.58 

19,210 

145,612 


25 

0.9032 

7.54 

19,250 

145,145 


26 

0.8974 

7.49 

19,290 

144,482 


27 

0.8917 

7.44 

19,330 

143,815 


28 

0.8860 

7.39 

19,370 

143,144 


29 

0.8805 

7.34 

19,410 

142,469 

Kansas, In- 

30 

0.8750 

7.29 

19,450 

141,790 

dian Terri- 

31 

0.8695 

7.25 

19,490 

141,303 

tory and Illi- 

32 

0.8641 

7.21 

19,530 

1*10,811 

nois crudes. 

33 

0.8588 

7.16 

19,570 

140,121 

Penn a. fuel, 
California 

34 

0.8536 

7.12 

19,610 

139,623 

refined fuel 

35 

0.8484 

7.07 

19,650 

138,926 

oil 

36 

0.8433 

7.03 

19,690 

138,421 

37 

0.8383 

1 6.99 

19,730 

137,913 


38 

0.8333 

6.95 

19,770 

137,402 


39 

0.8284 

G.91 

19,810 

136,887 

Unio, i onn &»• 
and West 

40 

0.8235 

6.87 

19,850 

136,370 

Virginia 

41 

0.8187 

6.83 

19,890 

135,849 

crude, Cali- 

42 

0.8139 

6.80 

19,930 

135,524 

fornia and 

43 

0.8092 

6.76 

19,970 

134,997 

Kansas 

44 

0.8045 

6.72 

20,010 

134,467 

refined 

45 

0.8000 

6.68 

20,050 

133,934 

fuel oil 

46 

0.7954 

6.64 

20,090 

133,398 


47 

0.7909 

6.60 

20,130 

132,858 

Kerosene 

48 

0.7865 

6.57 

20,170 

132,517 

and 

49 

0.7821 

6.53 

20,210 

131,971 

gasoline 

50 

0.7777 

6.49 

20,250 

131,423 



1 From “ Fuel Oil Data,” Tate-Jones & Co., Inc., furbace engineers, baaed 
on Sherman and Krapff’b formula: 

B.t.u. - 18,650 4- 40 (B6.° - 10) 

Journ Am. Chem. Soc., October, 1908. 




Limits of Fuel Analyses — United States 1 



* Hofman’s “General Metallurgy.” 
5 Using steam 
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Oxygen and Air Required for Perfect Combustion 1 


1 kilogram 

Requires kilograms 

Product of combustion 

Nitrogen 
in original 
air 

kilograms 

Oxygen 

Dry air 

. 

Composi- 

tion 

i 

Kilograms 

C. . .. 

1.333 

5.777 

CO 

2.333 

4.444 

C 

2.667 

11.555 

co* 

3.667 

8.888 

CO... . 

0.571 

2.472 

CO* 

1.571 

1.901 

H . 

8.000 

34.664 

H 2 0 

9.000 

26.664 

CH< . 

4.000 

17.332 

C0 2 , H 2 0 

2.750, 2.250 

13.332 

C 2 H 4 

3.429 

14.848 

co 2 ,h 2 o 

3.143, 1.286 

11.419 

Fe 

0.286 

1.238 

FeO 

1.286 

0.952 

Fe . 

0.429 

1.857 

Fe 2 O s 

1.439 

1.428 

Si. 

1 . 143 

5.064 

| Si0 2 

2.143 

3.921 

P.. 

1.290 

5.586 

p 2 o 8 

2.290 

4.296 

Mn 

, 0.291 

1 1.221 

MnO 

1.291 

0.969 

S 

1.000 

4 . 333 

so 2 

2.000 

3.333 


1 From Hofman’s “General Metallurgy . ’* 


Theoretical Maximum Combustion Temperatures 1 


Oxy hydrogen flame. ... 3191°C. 

Hydrogen and dry air . . 2010°C. 

Hydrogen and dry air in 25 per cent, excess 1764°C. 
Carbon monoxide with cold air . 2050°C. 

CO and air, both at 700°C . . 2284°C. 

Natural gas and air .’. 1806°C. 

Natural gas with air at 1000°C 2288°C. 

Thermit (2A1 + Fe 2 0 3 ) 2694°C. 


Comparative Moisture in Different Fuels 1 
Moisture Content when New 


Fuel 

1 

Moisture, 
per cent. 

Remarks 

1 

Wood 

30-60 

Green wood. 

Peat 

50-90 

As dug. 

Lignite ... 

30-45 

As mined. 

Bituminous coal 

2-25 

As mined. 

Semi-bituminous coal 

1- 5 

As mined. 

Anthracite coal 

1- 3* 

As mined 


1 Somermeier’h “Coal “ 


1 J. W Richard’s “Metallurgical Calculations,” Vol I, pp. 36-39. 
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« 

Composition and Heating Value op Air-dried Materials 



Wood 

?! 

Oh 

m « 

■t. ^ 

3 2Q 

Bituminous 

TT 

s5 

*• 

■M 

Anthra- 

cite,* 

Penna. 

1 

HH 

Ohio,* 

Hock- 

ing 

Proximate 









MoiBture 

KiMi:n 


16.70 

5.13 

■LRui 



2.08 



51.72 

KVISTn 

32.68 

kM 

35 00 

20 54 

7.27 


* 

22.11 

39.49 

47.46 

50. 50 

57.85 

73.61 

74.32 

Ash 


5.17 

6.71 

14 73 

7.50 

6 15 

5.09 

16.33 









iBBIffS 

Ultimate 









Carbon 

40.0 

46 57 

55.16 

60.51 

70.70 

78.75 

82.41 

75.21 

Hydrogen . 

7.2 

6 51 

5 61 

4.88 

5.20 

5.14 

4.38 

2.81 

Nitrogen. 

0.8 

2 33 

■jwTl 

1.23 

1.30 

1.55 

1.05 


Oxygen. . 

50.7 

38 97 

30.98 

14.20 

11.95 

7.56 

5.87 


Sulphur 


5.17 


4.45 

3.35 

0.90 

1.20 

0.77 

Ash 

1.3 


6.71 

14 73 

7.50 

6.10 

5.09 

16.33 





feitifn 




HfTiWWI 

Determined 









Calorific value. 

420fl 

4515 

5273 

■>m;n 

7155 

7865 

8254 

6929 

Calculated 









Calorific value. 


4338 


6059 

7100 

7845 

7942 

6886 


(See p. 541 for English Coals and Charcoal) 

1 U. S. G. S . Bull. 332 

2 U. S. G S , Professional Paver, 48. 

» Ohio G. Bull. 9. 

* U. S. G. S. t Bull. 290. 


Bunsen Burner Temperatures (Using 

Air) 

Acetylene, C 2 II 2 .... 

2400°C. 

Hydrogen, H 2 . . 

1900°C. 

Average illminious gas 

1780°C. 

Average water gas 

1775°C. 

Average coke oven gas ... 

1300°C. 


Calculation of Theoretical Maximum Temperatures of 
Combustion 1 

An algebraic method of calculating the theoretical maximum 
rise in temperature is to calculate the total thermal capacities 
of the products of combustion in terms of t, the temperature. 
This aifiount must be equal to the heat available to raise the 
temperature. 

TnuSj what ^ould be the maximum temperature possible 
Jburning carbon with air (calculate on 100 per cent, excess of 
oxygen). 

1 G. G. Bbown, Chem and Met. Eng., Sept. 6, 1922. 
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1 lb. C + 62.88 cu. ft. 0 8 + 236.4 bu. ft. N a -* 31.44 cu. 
ft. C0 2 + 31.44 cu. ft. 0 2 4 236.4 cu. ft. N 


, 

Cu. ft. 

Thermal capacities (0 — t° F.) 

COa 

31.44 

(0.227* 4 0.385* 2 X 10~ 5 ) 
(0.1786* 4 0.883* 2 X 10“®) 
(0.0786* 4 0 883* 2 X 10“«) 

0 2 

31.44 

N 2 

236.4 



Total thermal capacity = 5.694* 4 0.357* 2 X 10” 8 
14,580 = 5.694* 4 0.000357* 2 
* = ± 2250,.*.* = 2250°F. 


Mean C p (0 to *°C.) in Calories per Gram Mol 

Diatomic gases (N 2 , 0 2 , CO) = 6.9 4 0.00042*. 
C0 2 (up to 1250°C.) = 8.8 4 0.00024*. 

C0 2 (above 1250°C.) = 10.02 4 0.00072*. 

H 2 0 = 7.8 4 0.00175*. 

Mean C P (0 to *°F.) in B.t.u. per Pound Mol 

Diatomic = 6.88 4 0.000234*. 

C0 2 (up to 2300°F.) = 8.7 4 0.00135*. 

CO a (above 2300°F.) = 10 4 0.0004*. 

H 2 0 = 7.75 4 0.001*. 

Mean C p [* to (< 4* #) °C.] in Calories per Gram Mol 
Diatomic gases = 6.9 4 0.00084* + 0.00042a;. 
CO z (up to 1250°C.) = 8.8 4 0.0048* 4 0.0024x. 

C0 2 (above 1250°C.) = 10.02 4 0.00144* 4 0.00072a;. 
H 2 0 = 7.8 -F 0.0035* + 0.00175a;. 

Mean C P [* to (* + x ) °F.] in B.t.u. per Pound Mol 
Diatomic gases = 6.88 + 0.000468* 4* 0.000234a;. 
C0 2 (up to 2300 °F.) = 8.7 4 0.0027* + 0.00135a;. 

C0 2 (above 2300°F.) = 10 + 0.0008* + 0.0004a;. 

H 2 0 = 7.75 + 0.002* 4 0.001a;. 


Any of the expressions given above may be converted to 
mean C v over the same temperature range by subtracting 
1.985, or more simply 2, from the constant term. 

To convert from calories per gram mol to calories per gram, 
or from B.t.u. per pound mol to B.t.u. per pound, divide the 
entire expression by the molecular weight of the gas. 

The above equations for calories per grams mol *may be 
converted to calories per liter, or Calories (kilogram cal.) per 
cubic meter at 0°C. and 760 mm. by dividing^the entire expres- 
sion by 22.4. The equation for B.t.u. per pound mol may be 
converted to B.t.u. per cu. ft. at 60°F. and 30 in. by dividing 
the entire expression by 378. 
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Inflammability of Carbonaceous Dusts 

Many carbonaceous dusts form highly explosive mixtures 
when suspended in air. R. V. Wheeler 1 classes dusts as 
follows: 

I. — Dusts which ignite and propagate flame readily, the 
source of heat required for ignition being comparatively small, 
for example, a lighted match. 

II. — Dusts which are readily ignited but which, for the 
propagation of flajne, require a source of heat of large size and 
high temperature, such as an electric arc, or of long duration, 
such as trio flame of a Bunsen burner. 

III. — Dusts which do not appear to be capable of propagating 
flame under any conditions likely to obtain in a factory, because 
(a) they do not readily form a cloud in air, or ( b ) they are con- 
taminated with a large quantity of incombustible matter, or 
(c) the material of which they are composed does not bum 
rapidly enough. 


Class I 


Sugar 

Starch 

Rice meal and sugar refuse 
Wood flour 
Malt 
Oat husk 


Grain (flour mill) 
Maize 

Grain (grain storage) 
Rape seed 
Corn flour 
Flour (flour mill) 


{ Rice milling 
Castor oil meal 
Offal grinding (bran) 


GriBt milling 
Horn meal 
Mustard 


Class 111 


Spice milling , 

Cottonseed 

Cottonseed and soya bean 


Sack cleaning 
Rape seed (Russian) 
Grain cleaning 


H. H. Brown worked out the explosiveness as compared 
• to standard Pittsburgh coal dust ( Journ . Ind. and Eng. Chem. 
March, 1917, p. 209) their ' explosivities being roughly in 
proportion to the pressures generated under the standard 
conditions of his experiments (see original paper for details). 

The comparison shows a high degree of explosiveness for 
most dusts, and it should be noted that most of them will 
ignite at a low red heat. 

1 Report on the Inflammability and Capacity for Transmitting Explosions 
of Carbonaceous Dust Liable to be Generated on Premises, under the 
Factory and Workshop Acts, 1913. It. V. Wheeler, D.Sc. 
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Inflammability of Carbonaceous Dusts 

Pressure 
generated 
lb. per 

Kind of dust sq. in. 

Lycopodium 17.5 

Stinking smut of wheat 13.9 to 

15.9 

Yellow dust from first break in dry 

milling 15.2 

Dextrin dust from dextrin kiln.^ 12.8 to 

14.6 

Powdered wheat starch. .. 14.0 

Starch dust (corn) from dry starch kilns 12 5 to 

13 8 

Canary dextrin 11 8 to 

13 8 

(200 mesh) Tan bark dust 13.3 

Powdered com starch 13.2 

Wheat starch. . . 11.0 to 

13 1 

Starch and dextrin dust from about tray 

filler ? \ 13.0 

(200) Wheat elevator dust, side wall 13.0 

(200) Wood dust from chipper room 12 8 

(200) Oat and corn dust from unloading station 12 4 to 

12.6 

White corn dust, top of elevator 11 0 to 

12 5 

(2(H)) Wheat elevator dust. . 12.5 

(100) Oat dust from ground oat hulls 12.3 

Sugar, lump pulverized to pass 200 mesh 12.2 

Gluten feed dust, from beams, etc., in cur- 
ing room ' 12.1 

(200) Oat dust from feed oats. 12.0 

(200) Feed dust from dust collector 11.8 

Potato flour 11.7 

Sugar dust from sugar pulverizer. . .. 11.7 

Rice starch 9 . 0 to 

11.3 

(200) Wheat flour from packing room 9.3 to 

H .2 

Malt dust from discharge of collecting 

system 10.6 

Wheat flour dust, rolls and purifiers.. 10.5 

(200) Fertilizer dust, from grinding dry tankage 10.5 

Tapioca flour 99to 

*10.4 

Sugar dust, collector from powder mills. . 10 3 

Pittsburgh Standard Coal Dust. . .» ,10.1 

Tan bark dust 10 0 

Cocoa dust from cocoa bolters 9.9 

Reduction middlings 9 . 4 
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Inflammabilit** of Carbonaceous Dusts 

Pressure 
generated 
lb. per 

rr:_J J a 


Kind of dust sq. in. 

Cocoa dust from cocoa cooling room 9 1 

Extra fine sulphur flour 8.8 

Wheat smut and filed dust 8 8 

Ground cork dust 7.4 

Rice flour 5.6 

(200) Arrowrpot powder 3.9 

Potato starch 3.2 

Gelatin dust from elevator 1.1 


Suspended Dusts — Lower Explosive Limits 

(In Milligrams per Liter of Air) 


Dust 

Glower 

Arc 

Induction spark 

Starch 

7 

10.3 

13.7 

Com elevator .... 

10.3 

10.3 

13.7 

Wheat elevator. 

• 10.3 

10.3 

No “good propagation ” * 

Sulphur 

7.0 

13 7 

13.7 

Sugar 

10.3 

17.2 

34.4 

Aluminum. 

7.0 

7.0 

13.7 

Coal 

17.2 

24 1 

No ignition 


Mineral Oils — General Composition 1 


The characteristics of crude mineral oils and their products 
vary greatly in different localities; but the following general 
information may be of interest. 


• 

Gravity, 
deg. B6. 

Flash point, 
deg. F. 

Burnin^point. 

Crude oil 

12-45 

110-200 

120-220 

Kerosene 

40-50 

90-125 

105-150 

Distillate (gas oil) . 

28-38 

100-250 

110-325 

Fuel oil 

22-28 

100-300 

125-375 

Residuum 

10-20 

125-500 

200-600 


The heat value of mineral oils and their products may be 
very cldseiy determined from their gravity, by the following 
formula: 


B.t.u. per*pound = 18,650 +{40(Baum4 — 10)} 

(Sherman and Krapff) 

1 "The Diesel Engine," Busch-Sulzeb. Bros. Diesel Engine Co. * 
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C 


° 

Pennsylvania 

1 0.886 

84.9 

13.7 

1.4 

Russia (Balachny) 

Russia (Balachny re- 

j 0.884 

87.4 

12.5 

0.1 

siduum) 

0.928 

87.1 

11.7 

■n 

Borneo 

0.945 

87.8 

L 10.78 

MB' ns 

Texas 

0.936 

85.66 

msmm 


Burma 

0.920 

86.4 

12.1 

mm 


1 From “The Petroleum Yoar Book, 1914.” 


Charcoal Analysis. — According to J. E. Johnson, Jr., the 
average analysis of kiln birch and maple charcoal is as follows : 
C0 2 , 4.50 per cent.; 0 2 , 0.67; H 2 , 1.65; CO, 11.10* CH 4 , 3.40; 
N 2 , 7.77; fixed carbon, 68.50; ash, 1.00 per cent. Retort char- 
coal is commonly believed to be a little higher in fixed carbon. 


Coal* — Ultimate Analyses 



Sp. gr 

C 

II 

O 

s 

Ash 

HiO 

Welsh 

1.315 

83.8 

4.8 

1 0 

1.4 

4.1 

4.9 

Newcastle 

1.256 

82.1 

5.3 

1.3 

1 2 

5.7 

3.8 

Lancashire 

1.273 

77.9 

5.3 

1.3 

‘■ 4 

9.5 

4.6 


1 “Petroleum Year Book,” 1914 


Commercial Sizes of Anthracite 


Qrade 

Size of screen, inches 

Wt. per 
cu ft., 
lb. 

1 cu. ft. 
solid coal 
gives, ou. ft. 

On 

Through 

Lump 

4 K -9. 
2% -2 H 
m -2J4 

in -m 
i -\k 

% - % 


57.0 

1.614 ‘ 

Broken 

3 K ~*K 
2H -2H 
IK -2 K 
l K -IK 
l -IK 

8 = 8 
Me- H 

53.0 

1.755 

Egg 

52.0 

1.769 

Large stove 

Small stove 

51.5 

51.25 

1.787 

1.795 

Chestnut 

51.00 

1.804 

Pea 

K - H 
Me- H 

I 1 1 l » l l f • 

50.75 

1.813 

No- 1 Buckwheat. ..... 

50 . 75 

1.813 

No. 2 Buckwheat 

50.75 

^1 .813 


Shale Oil • 

These oils are secured by the distillation of shales. Two 
typical shale analyses are given by Sexton as follows: (1) 
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Volatile matter, 34.96 per cent.; fixed carbon, 7.54 per cent.; 
ash, 57.5 per cent. (2) Volatile matter, 13.5 per cent.; fixed 
carbon, 2.5 per cent.; ash, 84 per cent. 1 


Typical. Gas Analyses 1 (by Volume) 



Natural 

gas 

Ohio 

Coal 

gas 

Producer 

gas 

Water 

gas 

Mond 

gas 

Hydrogen « 

1.89 

51.8 

8.0 

49.17 

27.2 

Carbon monoxide... 

0.2 

9.1 

23.7 

43.75 

11.0 

Marsh gas . 

92.84 

31.8 

2.2 

0.31 

1.8 

Ethane 

0 35 

5 2 



0.4 

Nitrogen . . 

3.82 

2.1 

61 5 

4.00 

42 5 

Carbon dioxide . . . 

0.75 

i' 

4.1 

( 2.71 

17 1 


Kindling Temperatures of Fuels 1 


Solid 

.J 

Dog C 

Gaseous 

Oxygen 

Air 

e 

Dry peat ... 

225 

Hydrogen ... 

585 

580-590 

Bituminous coal. . . 

320 

Carbon monoxide, moist. 

651 

644-658 

Pine wood 

395 

Ethylene. 

543 

542-547 

Charcoal, made at 


Acetylene 

429 

406-440 

350°C 

360 

Hydrogen sulphide 

304 


Charcoal, made at 


Methane 

650-750 

650-750 

1250°C . . 

050 

Ethane. . . .... 

520-030 


Anthracite . . 

700 

Benzene .... 


406-440 

Coke 

700 

Illuminating gas 


580-590 

Mine timbers 

200-400 

Water gas 


644-658 

Lignite dust. 

150 

Enriched producer gas . 


644-668 



Propane 

”547" 




Propylene 

504 



I 

Cyanogep 

810 

850-862 


1 Dixon and Coward, Journ. Chem. Soc. of London, 1910, p. 514. 


Calorific Power of Fuels 


* Let II represent the percentage of hydrogen in a fuel; C 
represent the percentage of carbon; O the oxygen; S the sul- 
phur; and assume also that the water formed by the combus- 
tion, represented by H 2 0, does not condense (which it usually 
does not in metallurgical operations). 

Dulong's formula for calorific power of a fuel then is: 


c.p. = 


8,100C + 34,5(H)(h - + 2.250S - 537H*0 


100 


An empirical formula adopted by German engineers is: 


• C.P. 


8,100® + 29,000(ll - ^) 


+ 2,500S - 600H 2 0 


1 Skxton, “Fuel and Refractory Materials.” 
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Fractions op Average Coal Tj*r and Their Uses 1 


First crude sep- 
aration by dis- 
tillation. 

Light oil. 

Middle oil (or 
dead oil). 

Heavy oil 
(inoluding 
anthracene 
oil). 

Pitch. 

Temperatures 
of distillation. 

70°-160°C 

160°-230°C. 

230°-360°C. 

Above 

360°C. 

Percentage in 
tar. 

3 

8 

24 

65 

Intermediate 

Benzene, tolu- 

Phenol, cresols. 

Cresols, na- 

Soft pitch, 
hard 

products, by 

ene, xylene, 

etc ; naphtha- 
lene, heavy 
hydrocarbons 

phthalene, 

distillation or 
expression. 

etc.; phenol. 

anthracene; 
heavy hy- 
drocarbons 
quinoline 
bases. 

pitch. 

Crude commer- 

" Benzol" and 

Creosote oil. 

Pitch, bri- 

rial products 

solvent naph- 

Lamp 1 

black. 

quoting, 

protective 

paints. 

ng tars, 
ig tars. 

and their uses. 

tha for sol- 
vents, paint 
thinners, mo- 
tor fuel, gas 
enrichment. 

Disinfectants. 

Road oils, im- 
pregnation 
of timber. 

Roofi 

Pavia 

Intermediate 

Nitrobenzene, 
aniline salts, 

Carbolic acid, 

Anthraquin- 

chemical prod- 

picric acid, 

one, ali- 


ucts. 

aniline oil, 

carbolic acid. 

phthalic acid, 
naphthols, 
naphthyla- 
mines, sali- 
cylic acid. 

zarin. 

• 

! 

Refined chem- 
ical products, 
(lyes, etc., and 
their uses 

Nitrotoluenes, 
diplienylamine 
and other in- 
gredients of 
explosives; 
aniline dyes, 
hydroquinonc 
and other 

photographic 
developers; 
drugs and 

medicines 

Picric acid, pic- 
rates, and 

other nitro- 
compounds 
for explosives; 
naphtnol dyes 
and colors, 

artificial in- 
digo, refined 
carbolic acid. 

i 

Alizarin dyes. 



1 Bur. Mines, Tech Paper 89. 


Inflammability of Gaseous Mixtures — Determination of the 
Dilution Limits . 1 — The result^ given by previous workers 
varied over a considerable range. The authors define a gaseous 
mixture as inflammable at a stated temperature and pressure 
ii it will propagate flame indefinitely when the unburnt portion 
of the mixture is kept at that temperature and pressure. Com- 
bustion in an inflammable mixture is not necessarily complete. 
In order to conform to this definition, the flame is started near 
the bottom of a tall vessel which is of sufficient cross-section 
to minimize the cooling influence of the walls, and the t bottom 
of the vessel is sealed in water so that the pressure cannot 
rise appreciably. Upward flame propagation is adopted since 
m very weak mixtures the velocity of propagation may be less 
than that of the upward convection currents and downward 

1 H. F. Coward and G. W. Jones, Bur. Mines Bull 279. 
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propagation of the flame«may thus be prevented. Under these 
conditions the following minima were found: 


Approximate Limits of Inflammability of Single Gases 
and Vapors in Air at Ordinary Temperatures and 
Pressures Saturated with H 2 0 at about 17-18°C. 1 



' 

Lower 

X 1 ' 

volume, 

per 

cent. 

! 

Higher 

limit, 

i by 

volume, 

per 

cent. 


Lower 

limit, 

by 

volume, 

per 

cent. 

Higher 

limit, 

volume, 

per 

cent. 


4.1 

74 


1 3 


Ammonia 

16 

27 

Methyl alcoh 1. 

6 


Hydrosen sulphide 

4.3 

46 

Ethyl alcohol . . 

3.5 

19 

Carbon disulphide. 

1 

50 

Ethyl ether. . . . 

1.7 


Carbon monoxide. . 

12.5 

74 

Acetaldehyde. . . 

4 

57 

Methane 

Methane (turbu- 

5.3 

14 

Acetone 

Methyl ethyl 

2 or 3 

13 

lent mixture) . . . 

5.0 

15 

ketone 

2 

12 

Ethane 

« 3.2 

12.5 

Ethyl formate . . 

3.5 

16.5 

Propane. . . 

2.4 

9.5 

Methyl acetate. 
Ethyl acetate 

4.1 

14 

Butane. . . 

1.9 

8.5 

2.2 

11.5 

Pentane . 

1.4 

8 

Ethyl nitrite . 

3 1 


Ethylene . . . 

3.3 


Dichlorothylenc 

10 

13 

Acetylene 

Benzene ... 

2.5 

1.4 

8 

Pyridine .... 

1.8 

12.5 


1 From Bur. Mines Bull. 279 (by H. F. Coward and G. W. Jones). 


Composition of tub: Residual Atmosphere Produced by 
Flames 1 


Substance burnt 

1 

Composition of residual atmosphere in 
which flame was extinguished 

o*. 

per cent. 

N,. 

per cent. 

1 COj. 

per cent. 

Alcohol 

14.9 

80.7 

4.35 

Methylated spirit. . 

15.6 

80.2 

4.15 

Paraffin oil 

16.6 

80.4 

3 0 

Colza and paraffin . 

16.4 

80.5 

3 1 

Candles 

15.7 

81.1 

3.2 

Hydrogen 

5.5 

94.5 


Carbon mpnoxide. . . . 

13.4 

74.4 

12.2 

Methana. -. 

15.6 

82.1 

2.3 

Coal gas 

11.4 

83.7 

4.9 


» Joum.'Sac. Chem! Ind. t Feb. 27, 1915. 
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Coal Burned per Square Foot of ferate in Reverberatory 
Furnaces 1 


Hand reverberatory roasting furnace 3 to 8 lb. 

Agglomerating or lead-reverberatory smelting 

furnace 12 to 16 lb. 

Copper-reverberatory smelting furnace 16 to 30 lb. 

Puddling furnace 20 to 30 lb. 

Heating furnace 30 to 40 lb. 

Locomotive boilers (induced draft) ^ . 80 to 100 lb. 

Ratio of Areas of Total Grate to Air Space* 

Coke .3:1 to 2: 1 

Bituminous coal . .3: 3:1 to 2:1 

Brown coal. 5:1 to 3:1 

Peat or wood 7:1 to 5: 1 


Combustion Data 

(Good Modurn Practice) 

1 lb. coal average 13,500 B.t.u. 

1 lb. coal (13,500 X 778) 4- (GO X 33,000). # . . 5.3 hp.-hours. 

Lost through grates ... 1.00 per cent. 

Lost boiler radiation 5.00 per cent. 

Lost chimney gases 22.00 per cent. 

Lost main pipes radiation . . 1.56 per cent. 

Lost auxiliary pipes radiation . . 0.22 per cent. 

Lost auxiliary exhaust 1.40 per cent. 

Lost engine radiation 2.08 per cent. 

Lost engine exhaust ... ... 57.31 per cent. 

Total loss 90.57 per cent. 

Converted to power. * 9.43 per cent. 


Ringelmann’s Smoke Chart 

The following chart is convenient for estimating the density 
of smoke from chimneys, both as a check on the completeness^ 
of combustion and as evidence in case certain chimneys are 



attacked as nuisances by owners of property near metallurgical 
plants. (Use this chart at arms length. Th» original is a chart 
3 X 24 in., supposed to be posted about 50 ft. away.) « 

1 GbCner, “Trait6 do Metallurgie GSnSrale.” 

2 Leitfader to EisenhUttenkunde, 1898, p. 104. 
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Name 

9 in. 

Soap 

No. 1 Split 
No. 2 Split 
9-in. large 
9-in. small 
No. 1 Key 

No. 2 Key 

No. 3 Key 

No. 4 Key 


No. 1 Wedge 2 
No. 2 Wedge 2 


No. 1 Arch 
No. 2 Arch 


No. 3 Arch 

Side Skew 
End Skew 
Ske whack 
No. 1 Neck 
No. 2 Neck 
No. 3 Neck 2 
Feather edge 
( No. 1 Jairib 
No. 2 Jamb 

No. 3 Jamb 
No. 3 Bullhead 
Checker 
Large 9 in. 

No. 1 Wedge 


Standard Fire Brick Shapes 1 

Dimensions 

9X4HX 2^ 

9 X 2)'2 X 2 
9 X AM x 1 H 
9X4MX2 
9 X 6% X 2M 
9X3KX 2 H 

9 X — 4 X 2,V£:12 ft. diam. inside. 112 
« brick to circle. 

9 X 4>£ — 3>2 X 23 2 : G ft. diam. inside. 65 
brick to a circle. 

9 X 4M - 3 X 2^:3 ft. diam. inside. 41 
brick to a circle. 

9 X AM - 2 1 i X 2^:18 in. 




9 X AM 2 1 i X 2^:18 in. ^pgp 
diam. inside. 26 brick to 
a circle. 

9 X 4 1 2 X 2)4, — 2:5 ft. diam. inside. 102 
brick to a circle. 

9 X 4>i X 2 1 2 - 1 3-2:2 ft. 6 in. 

# diam. inside. 63 brick to a Ip gB pi^ 

* circle. 

9 X 43-2 X 2} .i - 2:4 ft. diam. 

inside. 72 brick to a circle. 

9 X 4*2 X 2M ~ 1 M :2ft. diam. JEM 
inside. 42 brick to a 
circlip 

9 X 43 i X 2M — 1:0 in. diam. inside. 19 
brick to a circle. m 

9 X 4 M - 1 H X 2M 
9 X 7 X 4 ,1 2 X WBBBr IMP 

9 X 4*2 — l 1 2 X,23"2 
9 - 4>i X 4j 2 X 2>£ ^ — 

9 - 2 X AM X 2>£ ^glg 4MBr 

9 X AM X 2M - HP IwF 

9 X 4W X 21* J's 
9 X 4’/2 X 23-2 (rounded comer). 

9 X 43-2 X 23.2 (rounded corner 
and beveled corner). 

9 X AM X 23 2 (rounded corner). 

9 X AM X 3 — 2 (see illustration). 

9 X 3 X 3 or 9 X 2% X 2?4. 

9 X 0 3 4 X 1J4' 5 ft. diam. inside. BBnP ^ 
102 brick to the circle. 




* 0 * 


Large 9=irt. 

No. 2 Wedge 9 X 6^4 X 23'i ~ 13*: 2 ft. G in. diam. inside. 

63 brick to the circle. 

Edge arch 4) X 43 '2 ~ 3 X 2>*. 

Checkei tile 18 (or 20 or 24) X 6 X 3. 

Checker tile (mill tile) 18 (or 20 or 24) X 9 X 3. 



1 Ah made by the Stowe-Fuller Co , Cleveland, Ohio. Other makers devi- 
ate slightly from the figures given for keys. 

2 The wedge briek taper from end to end, as do the keys. No. 3 neck, arid 
bullhead. 



l able of Firebrick for Various Circles 
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From the Stowe-Fuller Co.’a^atalog. 
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Hints on Brick Laying 

One ton of fire-clay ought to lay about 6000 brick. The com- 
position in which they are laid should be, if possible, of the same 
composition as the brick themselves, and the brick should be 
dipped in a thin paste and laid, not laid in a mortar. In 
general, the thinner the bond between the bricks the better the 
work. The joints are the zones of greatest weakness and are 
soonest attacked. For metallurgical furnaces it appears that 
the denser the brick the less its absorption. Magnesite brick 
are best laid in a# suspension of finely ground magnesite in 
anhydrous tar, or magnesite and linseed oil, or in a suspension 
of magnesite in a 20 per cent, sodium silicate solution. Silica 
brick are best laid in a thin paste of 60 fine sand, 40 fire-clay. 
About / 3 2 in. per foot should be left for expansion in a furnace 
bottom. 

Always store refractories in a dry place 

Magnesite bricks are good conductors of heat, and where this 
conductivity would injure the armoring of the furnace, the 
brick should be backed by asbestos or some other non-conduc- 
tor. Great variations of temperature, or heating when they 
are moistened witlf water or oil, will cause spalling. Magnesite 
brick should not be subjected to great loads when hot. 

For red-brick work 9 cu. ft. of sand and 3 bu. of lime will lay 
1000 brick. 

Brickwork Table 1 

1 sq. ft. of 4^2 -in. wall requires seven bricks. 

1 sq. ft. of 13t£-in. wall requires twenty-one bricks. 

1 cu. ft. of brickwork requires seventeen 9-in. bricks. 

1 cu. ft. of fire-clay brickwork weighs 150 lb. 

1 cu. ft. of silica brickwork weighs 130 lb. 

1000 bricks (closely stacked) occtipy 56 cu. ft. 

1000 bricks (loosely stacked) occupy 72 cu. ft. 

M. S. Wologdine has probably done the best work on the 
thermal properties of the fire brick. A. L. Qtjeneau deduces, 
among others, the following conclusions from Wologdine’s 
work : 

1. All terra cotta, building bricks and fire bricks have prac- 
tically equal coefficients of heat conductivity. The coefficients 
are differentiated in this class of refractory materials solely by 
the temperature of burning and not by the character of the 
clays or by their chemical composition. 

2. In all refractory materials, including the special bricks, 
such as chrome, magnesia, carborundum and graphite, the heat 
conductivity is a direct function of the temperature of burning. 

3. Tht coefficient of heat conductivity of chrome brick is 
practically independent of the temperature. 

4. There are remarkable variations in the permeability to 
gases of*the same bricks with increase in temperature. In 
ofie case the permeability changed from 3.3 liters per hour to 

1 IIavard, "Furnaces and Refractories.” 
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241 liters per hour. This shows the importance of scientifically 
selecting the clay mixtures for a given work as for crucibles or 
retorts where, as in zinc metallurgy, the permeability to gases 
has a material influence on the metal recovery. In this con- 
nection the nil permeability of graphite crucibles is to be noted. 
Perhaps the same results might be obtained at a much reduced 
cost by substituting clay flakes for the graphite flakes proposed 
by H. Putz (German pat. 198,840 of Sept. 29, 1907). 

5. To secure efficient heat insulation, refractory materials 
should be burned at the lowest allowable temperature. This 
burning temperature is generally known; it is the maximum 
temperature to which the bricks will be exposed in the furnaces. 
The use of the maximum temperature is necessary in order to 
prevent the brick from shrinking any further when set in the 
furnace walls. Though this last fact is well known it is often 
neglected, and a shortening of the furnace life is the result. 

6. The gas permeability of the bricks of blast-furnace linings 
must have an important bearing on their life, owing to the 
destructive action of carbon monoxide in contact with the iron 
oxide present in the brick. 

There is no question that the absorption of metals by a fur- 
nace bottom will be directly proportional to t*he air spaces in the 
original brick; consequently in work with any of the non-ferrous 
metals, the nearer the ratio of the specific gravity of the brick 
in bulk to the true specific gravity of the constituent material 
approaches unity, the better the brick. 

Short Description of the Common Refractories 

Alundum. — Melting point, 2050°C.; specific heat, 0.195- 
0.198 at 100°C.; thermal conductivity about twice that of fire 
brick. Electric resistivity , at 528°C., 130 megohms per cc.; 
at 730°, 16 megohms; at 892°, 5.3 megohms; at 1020°, 1.8 
megohms. Coefficient of expansion, 0.0000071 per deg. C.; 
maximum crushing strength, 7^ tons per square inch; tensile 
strength, 1700 lb. per square inch. Specific gravity, 3.91. 

Asbestos. — A very poor conductor of heat and refractory, 
but will not stand molten slags. The composition of a typical 
Canadian asbestos is: MgO, 40.07; FeO, 0.87; A1 2 0 3 , 3.67; 
Si0 2 , 39.05, H 2 0, 14.48; total 98.14 per cent. 

Bauxite. — Bauxite melts at 1820°C., but as bauxite shrinks 
about 30 per cent, and crumbles in calcining, some silica must 
be added to make a good brick. The washed bauxite is cal- 
cined at from 1350° to 1400°, ground, pugged with about 4 per 
cent, of a highly aluminous plastic clay, balled, dried and cal- 
cined. The mixture is then ground, pugged again with clay 
and hand molded. Basic open-heartn brick should nol contain 
over 12 per cent, of silica. An analysis of an American bauxite 
brick is: Si0 2 , 2 per cent. ; Ti0 2 , 5 per cent. ; Ai 2 0 3 , 90.5,per cent. ; 
Fe 2 0 3 , 1 per cent.; and CaO, 1.5-2 per cent. The crushing 
strength may be as high as 10,000 lb. per square inch, but in 
general the bricks are weak. 
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Calcined, Si0 2 , 3.66 per-cent.; Fe 2 0 3 and A1 2 0 3 , 4.80; CaO, 
55.50; MgO, 34.83; C0 2 , 1.06 per cent. 

Durox. — A patented refractory of the mullite type made by 
the Vitrefrax Co. 

Fibrox. — A fibrous silicon oxycarbide. formed in the presence 
of certain catalytic agents, of which calcium fluoride is one, by 
the reaction between vapors of silicon and carbon monoxide or 
dioxide. It is a soft, resilient, fibrous material. Its apparent 
weight is about 2% to 3 grains per liter, its real specific 
gravity about 1.84 to 2.2. It is claimed to be the best heat 
insulator known. It oxidizes slowly above 1000°C. 

Firefrax. — A refractory cement made by The Carborundum 
Co. It. will bond about 60 per cent, of its weight of such 
materials as carborundum firesand, crushed silica or silica 
sand, and can be used wherever firebrick are used. 

Fused Silica. — Thermal conductivity high. Melting point, 
1430°C. Sp. gr., 2.5-2.G. Specific heat, 0.776. Coefficient of 
expansion, 0.00000539 per deg. C. 

Ganister. — Another classic English refractory. A typical 
analysis, from Harbord: Si0 2 , 94.60 per cent.; Al 2 Oa, 1.40; 
Fe 2 Oo, 0.90; CaO, 0.48; MgO, 0.16; alkalis, 0.14; water, 2.60 
per cent. • 

Hytempite. — A proprietary furnace bonding material made 
by the Quigley Furnace Specialties Co. Retains its strength 
up to about 3100°F. 

Infrax. — An insulating refractory made by The Carborundum 
Co. Has about the same conductivity as diatom aceous insula- 
tion, begins to shrink at 2650°F., and softens above 3100°F. 
At 2600°F. the bricks crush under 43 lb. per sq. in. load. 

Lime. — Fitzgerald reports that lime fused in the electric 
furnace may be a very useful refractory. It is a better con- 
ductor of heat than ordinary lime. Blocks cut from it resist 
quick heating followed by sudden cooling. Fused lime resists 
cxposuic to moist air remarkably well, hydration being a 
matter of days. 

Magnesite. — Composition, Federal brick: Si0 2 , 1.46 per 
cent.; A1 2 0 3 , 1.50; Fe 2 () 3 , 7.58; CaO, 3.14; MgO, 86.36 per cent. 
9 Conducts heat two to four times as fast as clay brick. Usu- 
ally laid dry, or in a paste made of magnesite clay and 20 per 
cent, water-glass solution. Magnesite can only be considered 
“dead-burned” when the final ignition temperature exceeds 
1800°C. The greatest objection to magnesite is its cracking 
when heated to a high temperature. This is due to its shrink- 
age; a piece of magnesite heated to 350° may have a density of 
3.19, while electrically fused its density will be 3.65. 

Mullite. — There are three closely related alumino-silicates 
of the* Composition Al 2 03*Si0 2 : sillimanite, andalusite, and 
cyanite. Until recently it was thought the two latter were 
converted to silligianitc on heating, but Bowen and Greig 
(£ourn. Am. Cer. Sec., Vol. 7, p. 238) have shown sillimanite 
itself breaks down above 1545°C., 

3(Al 2 C>3*Si0 2 ) — 3Al 2 Oa*2Si0 2 F Si0 2 . 
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The aluminum silicate formed is kilown as mullite, and the 
silica forms a glass with any impurities present, which bonds 
the mullite together. 


Physical Properties 



Crystalline 

structure 

Sp. gr. 

Volume 
change to 
mullite 

Decomp 

temp. 

Andalusite. . . 
Sillimanite .... 

Cyanite 

Mullite 

Orthorhombic 

Orthorhombic 

Triclinic 

Orthorhombic 

3.16-3.20 ' 
3.23-3.24 
3.56-3.57 
3.156 

Small 

Larger 

Larger 

None 

1390°C. 

1530°C. 

1370°C. 

iskfc . 1 


1 Begins to melt. 


It is obvious that, a mullite brick because of freedom from 
undesirable expansion changes and its high temperature of 
incipient fusion has many advantages for high temperature 
work. The Vitrefrax Company is manufacturing brick that 
are practically mullite; the Corning Glass Works is casting 
blocks and shapes from mullite fused in an electric arc furnace. 

Mullite has a perfectly definite melting point at 1816°C. 

Study of the expansion behavior of mullite, prepared from 
raw materials of various sources, was made at the Bureau of 
Standards {Bull. 134). These materials were four in number: 

A . prepared from andalusite 

B. prepared from dumortierite 

C. prepared from Indian cyanitc 

D. prepared by electric fusion of necessary alumina and silica 
for mullite. 

The specimens were approximately 6 X 1 X 1 in. in size and 
were all subjected to a firing of at least 1400°C. prior to the test. 


Results of Thermal Expansion Tests on Mullite, 20 to 
18Q0°C. * 


Sample 

Maxi mum 
temp., °C. 

Total ex- 
pansion at 
1000° in 
per cent, 
of unit 
length 

Contrac- 
tion com- 
mences at, 
deg. 

Maxi mu m 
expansion 
temp., °C. 

i 

Maximum 
total ex- 
pansion in 
per cent, of 
unit length 

Bun 

I 

II 

I 

II 

I 

II 

i 

11 

I 

f> 

II 

A 

1,795 

1,800 

0.510 

0.460 

None 

1,770 

1,795 

1,770| 

1.390 

0.995 

B. 

1,670 

1,730 

.495 

.496 

1,400 

1,520 

M00 

1,520| 

.685 

.745 

C. 

1,796 

1,800 

.476 

.490 

1,370 

1,700 

1,370 

1,700| 

.603 

.842 

D 

1,765 

1,765 

. 49^ 

.520 

1,425 

1,600 

1,430 

1,600 

.767 

.340 

/ 
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Peculiarities in behavioi*of the samples are listed below: 

A — Only specimen to show no contraction, rate of expansion 
increasing decidedly at 1500°. Composed of sizable mullite 
crystals and some corundum. 

B — Nearly uniform expansion rate to 1500°, excepting a 
sensible increase between 500 and 700°. Contained much glass, 
with mullite, but no corundum. 

C — Despite preshrinking at 1400°, shrinking began in first 
run at 1250°. Second heating caused growth in crystals. 

D — Petrographic examination after first heating reveals 
almost pure mullite, # with only minute quantities of glass and 
corundum. 

Refrax. — A rccrvstallized carborundum, held in solid form 
by the interlocking of silicon carbide crystals. 

Silfrax. — A recrystallized silicon carbide used chiefly for 
pyrometer protection tubes. 

Silica Sand. — An analysis of the sand used for furnace bot- 
toms in Swansea is (from Percy): Si0 2 , 87.87 per cent.; A1 2 0 ; ,, 
2.13; Fe 2 0 3 , 2.72; CaO, 3.79; MgO, 0.21 ; volatile, 2.00 per cent, 
Silica melts at 1750°, after softening at 1500° and becoming 
glassy at 1700°C. It expands on healing and does not return 
exactly to its former# volume. In general, silica brick an; highly 
refractory, porous, of low specific gravity, brittle and hard to 
cut, poor conductors of heat, inelastic, and not resistant to sud- 
den changes of temperature. The compressive strength is 
about 1900 to 4000 ll>. per square inch. A typical American 
silica-lime brick analyzed as follows: S 1 O 2 , 93.92 per cent.; 
FcaOs, 0.79; ALCL, 3.07; CaO, 2.55; MgO, 0.18; porosity, 18.58 

E er cent, of volume, expansion, 0.1 S8 in. per foot. Another 
rick gave 0.340 in. per foot expansion. 

Allotkopjc Forms of Silica 


« 

Density 

1 

Temp, of 
transfor- 
mation, 

°C. 

Quartz ...» 

2 65 

570 

Cristobahte 

2 34 

225 

Tridymite 

2 27 

150 

Chalcedony 

2 58 

570 

Glass ... 

2 22 



The transformation is quartz > enstobahte — > tiidymite. 

Siloxjcon. —A more or less oxidized carborundum, the amor- 
phous or y Stolon of the Norton Co. 

Vitreosil. — Commercial fused silicu. Rather to be considered 
as a non-gorrodibfo material than a refractory. Softens at, 
11Q0°C. Thermal expansion, 0.00000054 per deg. C. Hard- 
ness, Moll’s scale, 7. Sp. gr. 2.07 (non-transparent); 2.22 
transparent. 
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Zirconia.- — A pure white refractory of a density of about 5.9 
and a melting point of about 2950°C. Its first important use 
was to replace the calcium-oxide cylinders in the Drummond 
light. Used also in the first Welsbach experiments. Its heat- 
conducting power is not over half that of firebrick. Has been 
used as a lining of a Siemens- Martin furnace with good results. 
Owing to its thermal conductivity a 2-m. lining of zirconia is 
equal to 4 in. of chamotte. _ It is practically unaffected except 
by molten fluorides and bisilicates. 

All binding materials tend to lower the melting point of zir- 
conia. In lining furnaces or other metallurgical apparatus, 
natural zirconia can be mixed with anhydrous tar as a binder, 
in which case wooden forms are generally used. These are 
allowed to remain in place and consumed during the initial 
heat. The temperature should be raised slowly at first, while 
burning out the tar, after which a temperature of at least 
1400°C. must be maintained for about 48 hr. Natural zirconia 
begins to fuse at about 1800°C., and at about 2000°C. there is 
a noticeable volatilization of silica and other impurities. 

In the manufacture of natural zirconia brick, muffles, cruci- 
bles, etc., about 2 per cent, of air-slacked lime as a binder has 
been used with success. In former practice, a batch composed 
of 75 per cent. 100-mesh zirconia, 28 per cent, of 10 mesh, and 
2 per cent, of slacked lime, is worked into a plastic with a 3 per 
cent, solution of 38°B6. sodium silicate. The bricks or ware are 
then pressed from this and allowed to thoroughly dry in a 
warm atmosphere. The procedure from this point on is the 
same as in the burning of ordinary refractories, except that a 
temperature of at least 1400°C. is necessary to secure the proper 
vitrification. 


MELTING POINTS OF FIRE BRICK 

2*1 00° (e), softens 1920°C. 

2050°C.(a) 

1820°C.(6) 

1G2(V 1785°C.(a) 

1865°C.(c) 

Decomposes at 2220° with fusing. (6)* 
2050°C. (a) ; 2180 °(b); 1545°-1730°.(c) 
1555-1740°C. 

1400 1G50°C. 


Alumina 
Alundum 
Bauxite 
Bauxite brick 
Bone-ash cupel 
Carborundum 
Chromite 

Clay brick, 1st class 
Clay brick, 2nd class 
Diatom nonpareil brick 900°C.(rf) 

Dinas silica 1680°C.(c) 

Kaolinite (pure) 1740°C.(&) 1830°. 

Lime (CaO) Softens about 2040°C. 

Magnesia 2720°C.(a), softens about 2500°C. 

Magnesite brick 2165C.(a), softens about 2090°C. 

Silica 1 700-1 705°C. 

Silicon carbide 2700° + C. , 

(a) According to Bureau of Standards. Dissociates at 22&6°C. 

(b) Bull. Tech. A. et M., .hily, 1913, p. 728. , , 

(r) W. H. Pattehbon, “Brit. Iron and Steel Inst Carnegie Scholarship 
Memoirs,” No. 6, p. 231, 1914. 

(d) Information from manufacturers. An insulator, not a refractory. 
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A b the density of zirconia is rather high (about 5.9). it has 
been suggested where imperviousness is not desired, tnat the 
incorporation of certain organic substances or volatile salts 
which would be destroyed during firing, thus producing small 
air cells, might serve to lighten the finished product without 
impairing its efficiency. Sawdust, cork dust or certain ammon- 
ium salts might prove of value for such aeration. 

Using pure zirconium oxide with 3 to 10 per cent, of magnesia, 
and using starch, phosphoric acid, glycerin or borates as binders 
very remarkable heat-resisting ware can be manufactured. 
The forms are dried for several days at a low temperature and 
then fired in the electric furnace at 2000-2300°C. Owing to 
the low coefficient of expansion this ware can be plunged red- 
hot into water without cracking. 

Up to 1800°C., zirconia probably has the lowest thermal 
conductivity of any commercially available refractory. 
A 2-in. lining of zirconia is equal to 4 in. of chamotte. 

Zirconia does not react with silica even when heated to 
3000°C., the silica merely melts and runs into its pores. When 
heated in contact with carbon it forms a carbide. Molten 
fluorides and bisilicates affect zirconia. 

Zirconia-Chromiifm Oxide. — In the range 2000-2500 °C., 
refractories of these oxides are probably the most satisfactory- 
available. 

Zirconia-Thoria. — G. A. Merritt of the Bureau of Stand- 
ards developed a refractory of equi-molecular parts of zirconia 
and thoria, melting at 3000°C. Where price is no object, the 
mixture is interesting. 

Zirconium Silicate. — This material apparently has an even 
lower coefficient of thermal expansion than has fused quartz. 
It also has high electrical resistance even at bright red heat. 

Testing Refractory Materials uqider Load. — The melting 
point of various clays used in the manufacture of firebrick and 
retort material was found to be 200°~320°C. lower when the 
clay was under pressures of 54 to 112 lb. per square inch. 

It should be remembered that it also often occurs that a very 
refractory material, as tested alongside Seger cones, will not 
stand up under a load. Thus t , China clay tested by Dr. 
Mellor yields at 1410°C., but does not fuse until 1770°C., 
while fireclay bricks yielding under equal loads at 1435°C. 
fused at 1710°, and siliceous brick yielding at 1580°C., melted 
at 1750°C. In general the higher the silica content the greater 
the temperature resisted. 

The following procedure is recommended in tentative tests 
submitted by the Committee on Refractories of the American 
Society for Testing Materials. A full-sized brick on end is 
heated 'uiftler load under specified conditions and the resulting 
deformation measured. A furnace is described. It is heated 
by two tangentially disposed burners — gas or oil — the flames 
frqpi which are separated from the brick by a cylinder of alun- 
dum. The brick should be uniformly heated and its tempera- 
ture measured by a thermo-couple, the junction of which is 1 in. 
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from a face of the brick. Alternately an optical pyrometer 
may be used. The brick rests on a highly refractory block, 
e.g.j of carborundum, placed at the center of the furnace, ana 
carries another block of the same material which projects 
through the top of the furnace. The load is applied to this 
block by means of a cross beam, supported on guide pillars and 
carrying weights attached at each end so as to apply a pressure 
on the brick of 25 lb. per sq. in. The specimen is heated to 
the test temperature in AY 2 hours and maintained there for 
hours. Silica material is tested at 1500°C., high-grade clay 
good at 1350°C., medium at 1300°C., and low-grade at 1100 °C. 
The cooling is slow and lasts 5 hours at least. The length of 
the brick is measured to 0.02 inch before and after test. 

Slag Penetration. — Tests involving the total immersion of a 
brick in a bath of molten slag did not give uniform results, 
besides requiring large and elaborate apparatus. The best 
results were obtained by studying the absorption of liauid slag 
in a pocket drilled into one face of the brick. The drill was 
pointed at an angle of 150°, and cut a hole 2^ in. in diameter, 
the depth at the side being H in. The hole was cleaned out, 
and the brick then heated to 1350°C. A known quantity of 
powdered slag was placed in the pocket, ani after maintaining 
a temperature of 1350°C. for 2 hours, the brick was allowed to 
cool. When cold it was sawn in two, so as to bisect the original 
cavity at the center, thus exposing an area of penetration of the 
slag. This area was measured by means of a planimeter. 
Increasing the duration of the test above 2 hours had no great 
effect, neither had the fineness of the slag, although it was usu- 
ally ground to pass a 40-mesh sieve. Increasing tho quantity 
of slag taken did not markedly affect the area of penetration 
if corrected for the differing area of contact. 

Crushing Test. — The brick to be tested is ground so that 
opposite faces arc parallel, 'measured, and heated in a furnace 
to 1350 ll C. The tune taken to heat up should be at least 6 
hours, and the temperature of 1350°C. should be maintained 
for 2 hours. The brick is then quickly placed in position in a 
testing machine of standard type, with asbestos board above 
and below the specimen. The crushing weight is determined-* 

Volatilization of Oxides 

According to W. R. Mott in Journ . Am. Electrochem. Soc. t 
1918, Vol. 34, oxides volatilize in the following order: K 2 0, 
Na 2 0, Li 2 0, V 2 0 6 , JLO 3 , BaO, SrO, MnO, FeO, CoO, NiO, 
Cr 2 0 3 , Ti0 2 , V 2 0 4 , Si0 2 , at 3500°C., CaO, MgO, A1 2 0 3 at 
3700°C., TijOj, V 2 0 3 , Er 2 Og, CC 2 O 3 , Nd 2 08, La 2 Os at 4200°C., 
BeO, Yt 2 0 3 at 4300°, Zr0 2 at 4300°C., Th0 2 at 4400°C. 

Resistance to Spalling. — M. L. Hartmann and O. A. Hongen 
tested the resistence of certain refractories to spalling on being 
cooled by an air blast after being heated ufi to 135CrC. The 
results are as follows 1 : J 

1 Trans. Am. Electro. Chem. Soc., 1020. 
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* Per cent. 

Bonded carborundum (Carbofrax 


C) 

0 . 

3 at end of 10th 

Bonded carborundum (Carbofrax 



A) 

6 

at end of 10th 

Bonded carborundum (Carbofrax 



B) 

8 

at end of 10th 

Grade A fireclay 

9 

at end of 10th 

Rccrystallized carborundum (Re- 



frax) 

12 

at end of 10th 

Bauxite .* 

43 

at end of 10th 

Zirconia (natural) H0% ZrO*.. 

53 

at end of 10th 

Grade B fireclay apparent density 



2.04 

65 

at end of 10th 

Grade C fireclay apparent density 



2.00 . 

90 

at. end of 1 Otli 

Chrome 

100 

at end of 7th 

Silica 

100 

at end of 4t.h 

Magnesia 

100 

at end of 3rd 


Ckmkntb foh Bonding Bricks 


cooling 

cooling 

cooling 

cooling 

cooling 

cooling 

cooling 

cooling 

cooling 

cooling 

cooling 

cooling 


Kind of 
Bond 

No. 1 
Brick 

* No. 2 
Brick 

No 2 
Fire brick 
and tile 

| No 3 

1 Brick to 
lead 

j No. 4 
| Brick 

1 

No. 0 
Brick 

Composi- 
tion of 
cement 

Duro 

cement 

M A 

Knight. 

acid- 

proof 

cement 

llytem- 

pitc 

Silicate 
of soda 
and 
silex 

Dura- 

Stix 

Calcined 

magne- 

site 

How made 

Proprie- 
tary 
mi xed 

With 
sodium 
silieate 
to con- 
sistency 
of cream 

Proprie- 
tary 
mixed 
with 
sodium 
silicate 
to con- 
sistency 
of cream 

Proprie- 

tary 


Proprie- 

tary 

Mixed 

with 

water 

to 

creamy 

consist- 

ency 

Mow ap- 
plied 

Bricks are 
heated 
to about 
150 di g 

F and 
laid with 
a thin 
joint 

Bricks are 
heated 
to about 
150 deg 

F and 
laid wi tli 
a tlun 
joint 

Trowel 


Mixed 
with 
sand as 
a paste 

, 

Bricks 
li eated 
and 
laid 
with a 
thin 
joint 

Applica- 

tion 

Acids 

1 

M 

Acids 

! 

1 


Sul- 

phuric 

acid 


For 
fused 
and hot 
alkalies 

Suitable 
range of 
tempera- 
t'ure 

0 to 300° 

F. 

0 to 300° 

F. 

To fusion 
point of 
brick 


Range- 
met in 
boiler 
settings 

To fu- 
sion 
point 
of 

brick 
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In general, coarse-grained bricks afid bricks of high porosity 
show least spalling losses. 

Without exception, all bricks show some chocking when 
subjected to sudden cooling. These check lines are always 
visible during the first cooling, subsequent coolings render these 
checkings more visible and usually they develop into cracks and 
spallings. In the case of carborundum bricks checking is 
usually visible only when hot. 

All bricks lose their sound, metallic ring after quenching or 
air-cooling. » 

Brick for Rotary Cement Kilns. — While it might be supposed 
a basic brick would give the best results in cement kilns, accord- 
in to to W. Hamilton Patterson (British Iron & Steel Institute 
Carnegie Scholarship Memoirs, Vol. 6, 1914) an exceedingly 
satisfactory brick was: Si0 2 , 73.2 per cent.; Al 2 O ti , 18.3 per 
cent.; FczOg, 0.5; TiC) 2 , 0.4 per cent,.; OnO, 0.4 per cent,.; 
MgO, tr; alkalis, 0.50 per cent.; loss on ignition, 0.22 per 
cent. The melting point was 1735°C. His explanation of the 
success of such a brick is that it fuses on the surface and forms 
with a cement clinker a protective coating. The question of 
protective coatings may thus be an important one in judging 
firebrick. * 

Brick for Gas Retorts. — According to F. J. Bywater ( Jour?i . 
dan Lighting, 1914, p. 899) silica retorts have recently been used 
in America with satisfactory results. The retorts were made 
from crushed ganisler quartz (95 per cent. Si0 2 ), with 2 per 
cent, milk of lime as binding medium. They were of D-section, 
and were built up from bricks and tiles. The expansion on 
heating was } ,s to ? i o in. per foot, and was allowed for by mak- 
ing the joints either with thick paper or straw board, which 
burned away leaving a thin carbon joint, or with cement con- 
sisting of mild nluminotiy clay, which shrank when heated. 
The mouthpiece ends of the retorts were made of solid moulded 
fireclay so as not to crack when cook'd by the opening of the lid. 


( Crushing Strength of Bricks at Different Temperatures 1 

(Pressures m Kilograms per Sq. Cm.; Temperatures in °C ) 



15° 

500° j 

• 1000° 

1300° 

1400° 

| J. r )00° 

1 J 
1600° 

Silica (Star brand) 

170 

150 

120 

75 

60 

48 

30 

Kaolin . ... 

190 

180 

210 

90 

(12) 

(1) 

0 5 

Euboean mangesite 

420 

380 

320 

270 

240 

(185) 

(8) 

Stvrian magnesite 

145 

130 

85 

66 

(5) 

(3) 

(1) 


Complete Viscosity. — Silica brick i . 1700°C. 

Euboean magnesite 1500°C. 

Styrian magnesite ». . . . (> . 1300°C. 

Kaolin brick 1300°C. 

Ordinary refractory brick. . . . 1200 C. 


1 II. Le Chateliek and B Bogttgh (Bull A . I . M . E ., September, 1918). 



560 METALLURGISTS AND CHEMISTS' HANDBOOK 


The retorts were used with various types of hydraulic discharg- 
ing machines. In some cases less carbon was formed on the 
inside of the silica retorts and the surface became glazed, facili- 
tating discharge by pushers. The life of the retorts was 3^ to 
4 years. The thermal conductivity was greater than with clay 
retorts, the fuel consumption was less, and the output greater 
owing to the shorter period required for burning off the charge. 


Heat Conductivities of Refractories 1 


JL 


Specimen 

Chem. 

analysis 

Thickness 

Apparent sp. gr. 

True sp. gr. 

Temp, 
range of 
measure- 
men t 

Mean 

k 

Remar ks 

Lower sur- 
face, deg. 

2 * 

a£ 

O, a) 

Fire-clay 

SiOa 


60.0 

w 

1.93 

2.54 

825 

260 

0.0029 

Hard fired to 


AUOj 


31.0 




9701 

300 

0.0029 


(Farnley). 

FesOs 


1<2 




1080 

330 

0 . 0036 

10—1 1 ap- 


CaO 


0.3 




1440 

550 

0 . 0040 

proximat ely. 


MgO 


0.0 

\Vi" 



iioo| 

420 

0.0033 

1 Another 


Aik. 


1.0 




1350 

510 

0.0039 


Fire-clay 

As above 

w 

1.90 

2.67 

1005 


0.00165 

Soft fired to 

brick 







1020 


0.00120 

Seger cono 

(Farnley). 










8 — 9 approxi- 











mately. 

Silicious 

SiOa 1 


82.5 

3* 

1.82 

2.53 

1300 

310 

0.0025 

With many 

brick 

AI 2 O 3 


16.1 







silica grains. 

(Farnley). 

Fe?Oa 


1.2 









CaO A 


MgO 









Aik. 

r 1 3 








Silica | 

Si02 1 


95.3 

2 W 

1.75 

2.32 

1240 

440 

0.0039 


brick i 

AI 2 O 3 


2 0 




1 

1 



(Gregory). 

FeOa | 


1.1 

2Vi* 

1.74 

2.32 

995 

295 

0.0030 

1 Another 


CaO 


1.5 







/ specimen. 








1210 

*370 

6 ! 6035’ 

Both coarse 

u 







1395 

440 

0 . 0042 

grained. 

Magnesia 

SiOa 


5.0 

2\V 

2.40 

3.51 

380 

270 

0.0170 

Finer grained 

brick 



0.4 




560 

325 

0.0151 

than the 

(Mabor). 

FeaOa 


1.6 




600 

400 

0.0148 

above. 

CaO 


1.7 




700 

450 

0.0132 



MgO | 


92.1 




.750 

470 

0.0116 









875 

525 

0.0110 









1025 

580 

0 0101 









1040 

590 

0 0098 









1370 

690 

0.0091 

1 


The chemical analysis and porosity data were not derived from measure- 
ments on the actual test brick but on similar specimens of the same make. 
They will correspond Approximately with those of the test bricks. 

* G. Douoill, H. J. Hodsman, and J. W. Cobb in Journ. Sac. Chem. Ind„ 
May 15, 1915. 
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Zeit . anirg . Ch ^ m ., 1914, p. 129. 



Conductivity, Density, Porosity and Permeability of Refractory Materials 1 
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tivity with practically no temperature coefficient. 

1 F. T. Havard, "Refractories and Furnaces ” 
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Heat Conductivities of Refractory Materials 1 

(See also Tables on pp. 561, 562 and 564 ) 

Heat conductivity 


Material 


Graphite brick . . 
Carborundum brick 
Magnesia brick . . . 
Chromite brick . . 

Fire brick 

Checker brick ... . 
Gas-retort brick . 

Building brick 

Bauxite brick 

Glass pot 

Terra cotta . ... 

Silica brick 

Kieselguhr brick 


Gr. cal. 

Kg. cal. hr. 


sec. p. sq. 

p. sq. in. 

Relative 

?.m p. cm. p. 

per m. p 

per cent 

1°C. diff. 

1°C. diff. 

0.025 

9.0 

100.0 

0 0231 

, 8.32 

92.4 

0 0071 

2.54 

28.4 

0 0057 

2 05 

22.8 

0 0042 

1.50 

16.7 

0 0039 

1.42 

15.8 

0 0038 

1 36 

15 2 

0 0035 

1 26 

14 0 

0 0033 

1 19 

13.2 

0 0027 

0 96 

12.4 

0 0023 

0 84 

9.3 

0.0020 

0.71 

7.8 

0 0018 

0.64 

7.1 


1 Havard, “ Furnaces and Refractories,” p 2S0. 


The above are average conductivities only. The conductiv- 
ity varies with the porosity, permeability, size, character, and 
number of grains and pores in the brick, the temperature at 
which the brick was burned and the temperature at which it is 
used. In general the conductivity is greater the higher the 
temperature at which the brick is burned. Thus, a clay brick 
burned at 1050°C. has a conductivity of 1.32, while the same 
brick burned at 1300°C. has a conductivity of 1.81 (Havard). 
The conductivity also increases with increase of temperature of 
the experiment. 

Arch Construction 1 



Showing way of covering over a 
flue on a small furnace without use 
of an arch. This is practical to 
spans to as large as 30' to 36'. 

'lhis form of construction is par- 
ticularly applicable where a flat 
covering is advantageous. 

1 Metallurgical and Chemical Engineering, November, 1913. 


Sh owing manner of laying a 
'dutch arch,” simple and cheap for 
spans up to 30' to 40' or even 
larger. This form of construction, 
is particularly good where flat 
cover of larger size than the pre- 
ceding iB desired. 


Physical Properties of Refractory Materials 
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Electrical resistance in ohms per cm. a 
(except where megohms are 
indicated) 

(5) 

'S 

1.62 ohm 

745 

8,590 

8,420 

890 

41 

412 

2,500 

1,100 

d 

o 

8 

<N 

2.45ohm 

4,160 

29,500 

62,000 

4,160 

63 

7,710 

193,000 

6,100 

O 

6.5 ohm 

12.550 

835.000 
2.38 meg. 

57,600 

803 

558.000 

5 meg. 

109.000 

d 

S3 

107 ohm 

107,200 
<127 meg. 
<125 meg. 

< 137 meg. 

48 meg. 
<134 meg. 
<137 meg. 

< 133 meg. 

Abrasion (in ) 
by carborundum 
wheel 12 in grit 
16 Bond G-5 
Grade I 1560 
surface ft. per 
min. Brick end 
held to wheel 
at 25 Jb pres- 
sure o min. 
period 

(4) 

d 

© 

1C 

CO 

2 

"o 

O 

0000Nh6n5.;0 

Tft 1-1 

©©©Oi-HMCMOOO© 

Spalling 
loss ten 
heats to 
1350°C. 
with sud- 
den air 
cooling 
after 
each 
(3) 

fcS es fe? e? t* 6? 

C^coaoeo - - ■ cooco 

^ ©g^gg 10 ^ 

Com- 
pressive 
strength 
in lb. 
per sq. 
in. 

* * * * * * 
g ;g ;gg g ;g : 

io ;i>. ; wo .© ;oo 

N i-* ‘NH .’co" • • 

Thermal 
conduc- 
tivity in 
gram cal. 
per sec. per 
cm. 3 per 
deg. C. 
Mean 
value K 
approxi- 
mate 0° 
i nonor 


.024* 

.024* 

.024* 

.024* 

.00313(1) 

.00269(1) 

! 0034 (2) 

'.6i3o‘(i) 
.0033 (2) 
.00268(1) 

Spe- 

cific 

heat 

* * * * 

© oo ao ao © © o> <n • • 

■ (M • * 


Appar- 

ent 

density 

©0<N©©00'»*eO h- i—i • 

CO -41 © © © t— © 00 MIN © • 


Refrax 

Carbofrax A 

Carbofrax B 

Carbofrax C 

Silica 

Fireclay, first quality 

Fireclay, second quality. 

Chrome 

Zirconia (natural) 

Magnesia 

Bauxite 

Quartzite 


S 

H 

8 


2© s 


: 

» 2 • 3 


ss 5 

;ssgg? 


*Bbbe 

►7 o -< ■< -5 

3§gS2 

g|335 

_q£bww 
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Sbger Cones and Their Softening Temperatures 



Seger Cones and Their Softening Temperatures 


Estimated 

softening 

Cone 

Molecular composition 

point 
(deg. C.) 

No. 

KzO 

CaO 

Fe 2 0„ 

AI 2 O 3 

B 2 O 3 

Si0 2 

890 

010 

0.3 

0 7 

0 2 

0.3 

0,50 

3 50 

930 

09 

0 3 

0.7 

0 2 

0 3 

0.45 

3 55 

945 

08 

0 3 

0 7 

0.2 

0.3 

0 40 

3 60 

980 

07 

0 3 

0 7 

0.2 

0.3 

0.35 

3.65 

1010 

06 

0.3 

0 7 

0 2 

0.3 

0.30 

3 70 

1035 

05 

0.3 

0 7 

0.2 

0.3 

0 25 

3.75 

1055 

04 

0 3 

0 7 

0 2 

0 3 

0 20 

3.80 

1090 

03 

0.3 

0 7 

0 2 

0 3 

0 15 

3.85 

1110 

02 

0.3 

0.7 

0 2 

0 3 

0 10 

3.90 

1130 

01 

0 3 

0 7 

0 2 

0 3 

0.05 

3 95 

1140 

1 

0 3 

0 7 

0 2 

0 3 


4.0 

1150 

2 

0 3 

0 7 

0 1 

0 4 


4 0 

1160 

3 

0 3 

0 7 

0.05 

0.45 

. . 

4 0 

1175 

4 

0 3 

0 7 


0 5 


4.0 

1190 

5 

0 3 

0 7 


0 5 


5 0 

1210 

6 

0.3 

0 7 


0 6 


6.0 

1230 

7 

0.3 

0 7 


0.7 

" 

7.0 

1245 

8 

0.3 

0 7 


0.8 


8 0 

1265 

9 

0.3 

0.7 


0 9 


9 0 

1285 

10 

0.3 

0 7 


1.0 


10.0 
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Seger Cones and Their Softening Temperatures 



1 These cones are not manufactured, as their estimated softening points 
lie too close to neighboring cones, and arc somewhat irregular. 

2 Pure silica behaves like cone 32, 
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Salt 

Melting 
point, 
deg C. 

Salt 

Melting 
point, 
deg. C. 

Na 2 Si03 

1088 

KBr 

■H 

KeSCh 

1067 

KI .... 


BaCh 

847 

5 8KC1 + 4 2NaCl 


K 2 SiO» 

976 

3NaCl -f 7 KBr 


Na 2 S04 

884 

Ba(N0 3 ) 2 * . 


5 K 2 SO 4 -f 5Na 2 S04 

850 

5KC1 -f 5 K 2 CO 3 . 

580 

3 K 2 SO 4 + 7Na 2 S04 

830 

3Na 2 C0 3 + 3K 2 C0 3 + 2NaCl- 


2 K 2 SO 4 + 8Na 2 S0 4 . . 

825 

+ 2KC1 . . 

560 

Na 2 CC>3 

851 

Ca(NOs) 2 

560 

NaCl 

804 

3K 2 S0 4 f 3Na 2 S04 + 2NaCl- 


KC1 

790 

+ 2KC1 

520 



NaOH 

318 



NaNOs 

1 

308 


Eriiard and Schertel Fusion Pyrometers 1 


Composition 


100 Ag 
80Ag 2QAu 
60Ag 40Au 
40Ag 60Au 
20 Ag 80Au 
100 Au 
05Au 5Pt 
90Au lOPt 
85Au 15Pt 
80Au 20Pt 
75Au 25Pt 
70Au 30Pt 
65Au 35Pt 


Melting point, 
deg. C. 


901 
975 
995 , 
1020 
1045 
1003 
1100 
1130 
1160 
1190 
1220 
1255 
1285 


Composition 


OOAu 40Pt 
55 Au 45Pt 
50 Au 50 Pt 
45Au 55Pt 
40Au 60 Pt 
35Au G5Pt 
30Au 70Pt 
25Au 75Pt 
20 Au 80Pt 
15Au 85P1 
lOAu 90 Pt 
5Au 95Pt 
lOOPt 


Melting point, 
deg. C. 


1320 

1350 

1385 

1420 

1460 

1495 

1535 

1570 

1610 

1650 

1690 

1730 

1755 


IIOFMAN “GeNEBAL MeTALLUHOY. 
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Color Scales 1 


White and Taylor 

Pouillet 

Howe 

Name of color 

Deg. 

C. 

Name of color 

Deg. 

C. 

Name of color 

Deg. 

C. 











in dark. 

470 



Incipient redness. 

525 

Lowest visible red 




475 

Dark red 

566 

Dark red 

700 

AAA IA«,JA**AAV 

550- 

620 

Dark cherry red. . . . 

635 

Incipient cherry 

800 

| uuu t6a. ....... 

Cherry, full red . . . . 
Light cherry, bright 
cherry, light red. . . 

Orange 

Light orange. . . 
Yellow 

740 


000 


700 

843 

Light cherry rod. 
Dark orange.. . . 
Light orange. 

1000 

Light red 

800 

890 

941 

1100 

1200 


990 

Full yellow . 

White 

950- 

White. . ... 

1205 

White 

1300 

1000 

1150 

Brilliant white. . 

1400 




Dazzling white.. j 

1500- 





1600 




1 Hofman, “General Metallurgy,” p. 138. 


Loss of Heat by Radiation 

(Lobs in Gram-calorics per Square Centimeter of Surface at 100°C. to 
Surrounding Bodies at 0°C. — Peclet's Figures) 


Polished brass . 0.00108 

Copper 0.00068 

Polished sheet iron. 0.00189 
Leaded sheet iron. ... 0 . 00273 
Ordinary sheet iron . . 0.01164 


Russia sheet iron. . 0.01410 

New cast iron.. . . 0.01332 

Oxidized iron 0.01410 

Glass 0.01222 

Building stone 0.01500 


To correct the above figures for various other ranges of tem- 
perature than from 100°C to 0°C., multiply by the factors 
below. 


100°-0° 

1.0 

600°-0° 

26.0 

150°-0° 

2.0 

700°-0° 

35.0 

200°-0° 

3.3 

800°-0° 

45.3 

300°-0° 

7.0 

900°-0° 

57.0 

400°-0° 

600°-0° 

12.0 

18.3 

1000°-0° 

70.0 


.In general, radiation from hot bodies to cold surroundings 
will vary as the difference of the fourth powers of the absolute 
temperatures. 
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Heat Emissivity of Various Surfaces 1 


Black body 1.00 

Copper, oxidized 0.72 

Copper, calorized 0.26 

Silver 0.03 

Cast iron, bright 0.22 

Cast iron, oxidized 0.62 

Cast iron, aluminum painted 0.50 

Cast iron, gold enamelled 0.37 

Monel metal, bright * 0.43 

Monel metal, oxidized 0.43 

Brick surfaces (probably) 0 60-0.75 


Aluminum . . . 
Antimony. . . . 

Cadmium 

Copper 

Bismuth 

Gold 

Iron 

Lead 

Magnesium . . . 

Mercury 

Nickel 

Platinum 

Silver 

Cast steel 

Tin 

Zinc 


Diffusivity 1 


Air 

0.18 

Cotton . . ... 

0.0009 

Cork . . . . 

0.0001 

Ebonite 

0.0001 

Rock material (granitg 
etc.) 

0.012 

Ice 

0.011 

Concrete 

0.006 

Average damp soil 

0.0049 

Water 

0.0014 

Fire brick 

0.0067 

Building brick 

0.005 

Silica 

0.003 

Silica brick 

0.0053-0.1 

Magnesia 

0. 0126-0. ( 


1 The property of diffusing and transmitting heat is dependent on the 
conductivity, the density and the specific heat of the body. Thus the 
K 

coefficient of diffusivity, D « where K is the thermal conductivities in 

gram-oalorie-seconds per cm . 3 per 1°C. F. T. Havard, “Refractories and * 
Furnaces.” 

1 Boyd Dudley, Jr., “Penn. State Min. Quart.,” April, 1915. 



SECTION IX 


MECHANICAL ENGINEERING AND 
‘ CONSTRUCTION 

CAPACITY OF BELT CONVEYORS 1 

By R. W. Dull 

Chief Engineer , Stephens- A damson Mfg. Co. 

The capacity of belt conveyors is a subject upon which vari- 
ous engineers differ materially in results they have published. 
Wo suspect that most of the matter published is purely theo- 
retical and not based on actual performance. 

There are several conditions which influence the capacity 
rating; the main one, and the one we will first discuss, is the 
manner of feeding the conveyor. If the conveyor is fed with a 
feeder, the maximum capacity is possible, but if the feed is 
intermittent, the capacity will, of course, be proportionately 
less. It is usually an advantage to put in a feeding device of 
some kind if the feed is irregular, as it is often possible to cut 
down the size of the conveyor, which difference in cost will 
more than pay for the cost of the feeding device, as well as cut 
down the size of the driving connections. Uniform loading of 
the belt also makes the operation of the conveyor less trouble- 
some and usually is desirable in the different processes through- 
out a plant. 

I have made a chart, which is based on good feeding condi- 
tions, as we must have some basis from which to start. This 
* chart has curves for various kinds of material, based on the 
belt speed which I recommend that they should run for the 
particular kind of material. This speed is given in the curves. 
If good feeding conditions are not obtainable, allowance must 
be made on the chart. This is a condition which varies so 
much we cannot set down any rigid rule, but must leave it to 
the judgment of the user of the chart to make proper allowance. 
Variation as great as 50 per cent, is likely and certainly many 
where 75 per cent, of chart rating is advisable. 

Materials undoubtedly will be handled which are not given 
in the chart, but as a similar substance can be selected, the 
chart can still be.used. 

# The speed of the belts carrying various substances has been 
studied carefully to suit all conditions, as for instance, lump 

1 The Chemical Engineer, Vol, X, No. 2. 
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coal and coke, if carried too fast, will*be broken up too much 
to suit the market; and again, very fine material, if carried too 
fast, will make the mill too dusty. 

Some of the curves are stopped off at a certain size belt, as 
with large pieces, it is not advisable to use a conveyor any nar- 
rower regardless of what capacity is required. 

Material with large lumps, on an inclined conveyor, will be 
apt to roll back some, so the capacity allowance should be 
liberal, and the speed should be reduced slightly, if the conveyor 
is carrying material down an incline, as the*motion of the belt 
will start the lumps rolling down. These lumps may possibly 
jump out of the trough of the belt. 
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Conveyors going up an incline and fed uniformly, can usually 
go up an angle whose tangent is greater than the coefficient of 
friction of material on the belt, because the material forms a 
back stop all the way up the incline. But if the feed is inter- 
mittent, the material is apt to get started down the incline and 
the motion of the belt wdl have no influence on the motion of 
the material. 

Conveyors should be fed so that the material is delivered in 
the direction of motion of the belt and with the same velocity 
as the belt is moving, if possible. The writer has devised a 
spout to accomplish this purpose and adjustment is possible 
to suit various kinds of material and different belt speeds. 
The spout is also made with a bar screen bottom which lets this 
fine material through onto the belt first which makes a cushion 
on which the larger lumps fall and saves a great deal of wear on 
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the belt. It is not advisable to make small conveyors, such as 
12-in. belts, too long, for the material will shift some and lose 
off before it reaches the end of the conveyor, and liberal allow- 
ance in capacity should be made if such a conveyor is installed. 

The problem of belt conveyor capacity should be studied 
carefully and the allowances should be liberal. There have 
been very many disappointments in results caused by a too 
hasty decision or too great a desire to keep the first cost down. 

Most firms are willing to help the purchaser, and it is usually 
a good plan to take up the matter of capacity with the manu- 
facturer. It is not always easy for the manufacturer to find 
out all the conditions within so short an interval of time as he 
usually has at his disposal, and unless the manufacturer has 
had considerable experience with this type of conveyor, the 
purchaser may be lea to install apparatus which gives him very 
disappointing results. 


Capacity op Belt Conveyors in Tons of Coal per Hour 1 


Width of 
belt, 
inches 


ft. 

Velocity of belt, feet per irinute 





450 



(600 

12 

27.0 

31.5 

36 

40.5 

45.0 

49.5 

54.0 

14 

36.7 

42.8 

49 

55.2 

61.3 

67.4 

73.6 

16 

48.0 

BtliWH 

64 

72.0 



96.0 

18 


70.8 

81 




135.0 

20 

nun*! 

87.5 

mmm 

112.5 

125.0 

137.5 

150.0 

24 

iliKwil 


144 




216.0 

30 

168.7 


225 




338.0 

36 


283.0 

324 

365.0 

405.0 

446.0 

386.0 


1 Kent's “Mechanical Engineers’ Pockctbook." 


For materials other than coal, the figures in the above table 
should be multiplied by the following coefficients. 


Material 

Coefficient 

Material 

Coefficient 

Ashes 4?< m P 

0.86 

Earth 

1.4 

Cement 

1.76 

Sand 

1.8 

Clay .‘ 

Coke. . .< • 

« 

1.26 

0.60 

Crushed stone . . . 

i 

2.0 
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The New American Standard »or Flanges and 
Flanged Fittings 



Standard 





1 7 3H 

1M 7& 3 U 
1H 8 4 

2 9 m 

2 Yi 10 5 

3 11 5^ 

3Yt 12 6 

4 13 m 

m 14 7 


0 16 8 

7 17 m 

8 18 9 

9 20 10 

10 22 11 

12 24 12 

14 28 14 

15 29 14 Vi 

16 30 15 

18 33 16J4 

20 36 18 

22 40 20 

24 44 22 

26 46 23 

28 48 24 

30 50 25 

32 52 26 

34 54 27 

36 56 28 

38 58 29 

40 60 30 

42 62 31 

44 64 32 

46 66 33 

48 68 34 

50 70 35 

52 74 37 

54 78 39 

56 82 41 

58 84 42 


5 1H 

5H 2 8 

6 2H 9 

6 H 2H 10 ^ 

7 3 12 

7H 3 13 

m 3W 14 V6 

9 4 15 

m 4 15 Viz 

10J4 m 17 

1 lYt 5 18 

12 H m 20^ 

14 5Yi 22 

15 H 6 24 

16V6 6}4 25Yj 

19 7 H 30 

2m 7 Yi 33 

22 H 8 34^ 

24 8 35^6 

26H m 39 

29 9Y 43 

3m 10 46 

34 11 49 

36VS 13 53 

39 14 56 

41 Yt 15 59 

44 16 

46 } 4 17 

49 18 

51H 19 

54 20 

56^ 21 

59 22 

61 Yi 23 

64 24 

66}-$ 25 

69 26 

im 27 

74 28 

76 Yi 29 
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f 

The New American Standard for Flanges and Flanged 
Fittings. Continued 


Standard 


ai 

N 

do 

AA-Face to 
face, tees and 
crosses 

A-Center to 
face, ells, tees 
and crosses 

JB-Center to 
■ face, long rad- 
ius cellB 

C-Center to 
face 45° ells 

D-Face to face 
laterals 

E-Center to 
face laterals 

F-Center to 
face laterals 

G-Face to face 
reducers 

Diameter of 
flanges 

Thickness of 
flanges 

Minimum 
metal thick- 
ness of body 

60 

88 

44 

79 

30 




60 

73 

3/ 

2/ « 

62 

90 

45 

81/ 

31 




62 

75 / 

3/ 

2/ 

64 

94 

47 

84 

32 




64 

78 

3/ 

2 /« 

66 

90 

48 

86 / 

33 




66 

80 

3/ 

2% 

68 

■ OHM 

50 

89 

'34 




68 

82/ 

3/ 

2/4 n 

70 

102 

51 

9m 

35 




70 

84/ 

3/ 

2/ 



63 

94 

36 




72 

86/ 

3/ 

2i/ e 



54 

96/ 

37 




74 

88/ 

3/ 

2/ 


112 

50 

99 

38 




76 

mm 

3 H 

2i/ ft 


116 

58 

1011/2 

39 




78 

93 

3 H 

3 


118 

59 

lp4 

40 




80 

95/ 

3/ 

3/o 


120 

60 

1061/2 

41 




82 

97/ 

3U 

3/ 

84 

124 

62 

109 

42 




84 

99/ 

3 U 

3 He 

80 

126 

03 

1111/2 

43 




86 

102 

4 

3/ 

88 

E EM 

65 

114 

44 




88 

mm 

4 

3/o 

90 

134 

67 

116/2 

45 




90 

106/ 

4/ 

3/ 

92 

130 

08 

119 

46 




92 

108/ 

4/ 

3/ 

94 

138 

09 

121/ 

47 




94 

in 

4/ 

3/o 

96 

142 

71 

124 

48 




96 

113/ 

4/ 

m 

98 

146 

73 

126/ 

49 




98 

115/ 

4/ 

31/6 


148 

74 

129 

50 




100 

117/ 

4/ 

3/ 


The dimensions given above are those' adopted as a compromise by the 
committees responsible for the “U. S. 1912 Standard” and the competing 
“Manufacturers Standard,” and revised by the American Engineering 
Standards Committee in 1921 


Pipe Fittings 

Where screw fittings are required in the pipe lines of chemical 
plants, it has been found best to use tees in place of elbows and 
crosses in place of tees. The extra opening in each case is 
closed by a screw plug. This permits easy cleaning or draining 
when necessary and also makes it possible to tap into the line 
without breaking the piping or connections, thus saving both 
time and expense. 









MECHANICAL ENGINEERING , 575 


The New American Standard for Flanges and Flanged 
Fittings. Continued 







Standard 


Size 

Size of out- 
let and 
smaller 

AA-Face to 
face, run 

A-Center to 
face, run 

B-Center to 
face, out- 
let 

Size 

Size of 
outlet and 
smaller 

m 

AA-Face to 
face, run 

A-Center to 
face, run 

B-Center to 
face, out- 
let 

1 





42 

28 

46 

23 

30 






44 

28 

46 

23 

31 

1^2 





46 

30 

48 

24 

33 

2 





48 

32 

52 

26 

34 

2H 





50 

32 

52 

26 

35 


All reducing fittings 1 in 






3 

to 9 in. inclusive have the 

52 

34 

54 

27 

36 

3 H 

same center to face dirnen- 

54 

36 

• 58 

29 

37 

4 

8ions as straight size fittings 

56 

30 

58 

29 

39 

4K 





58 

38 

62 

31 

40 

5 





CO 

40 

66 

33 

41 

0 





62 

40 

66 

33 

42 

7 





64 

1 42 

68 

34 

44 

8 





66 

44 

70 

35 

45 

9 





68 

44 

70 

35 

46 

10 

6 

22 

11 

11 

70 

46 

1 74 

37 

47 

12 

8 

24 

12 

12 

72 

48 

80 

40 

48 

14 

9 

28 

14 

14 

74 

48 

80 

40 

49 

15 

9 I 

30 

15 

15 

76 

50 

84 

42 

50 

lf> 

10 

30 

15 

li 

78 

52 

86 

43 

52 

18 

12 

26 

13 

15K 

80 

52 

86 

43 

53 

20 

14 

28 

14 

17 

82 

54 

88 

44 

54 

22 

15 

28 

14 

18 

84 

56 

94 

47 

56 

24 

16 

30 

15 

19 

86 

56 

94 

47 

57 

26 

18 

32 

16 

20 

88 

58 

96 

48 

58 

28 

18 

32 

16 

21 

90 

60 

100 

50 

61 t 

30 

20 

36 

IS 

23 

92 

60 

100 

50 

62 

32 

20 

36 

18 

24 

94 

62 

104 

52 

63 

34 

22 

38 

19 

25 

96 

64 

106 

53 

64 

36 

24 

40 

20 

26 

98 

64 

106 

53 

65 

38 

24 

40 

20 

28 

100 

66 

110 

55 

67 

40 

26 

44 

22 

29 







The dimensions Riven above are those adopted as a compromise by the 
committees responsible for the " U. S 1912 Standard” and the competing 
“Manufacturers Standard” and revised by the American Engineering 
•Society Committee in 1921. 




576 METALLURGISTS AND CHEMISTS' HANDBOOK 


The New Amebic an Standard for Flanges and Flanged 
Fittings. Continued 
Extea Heavy 


0) 

N 

QQ 

•v 

a 

•3*6 

.2 p fl 

CQ O S 

I s . 

A-Center to 
face, run 

B-Center to 
face, out- 
let 

V 

M 

K5 

Size of 
outlet and 
smaller 

AA-Face to 
face, run 

A-Center to 
face, run 

B-Center to 
face, out- 
let 

1 


r< 



16 

16 

33 

16K 

1GM 

1 K 





18 

12 

28 

14 

17 

1H 





20 

14 

31 

15K 

mi 

2 





22 

15 

33 


20 

2M 





24 

16 

34 

17 

21 K 


All 

reducing fittings 1 






3 

in. to 9 in. inclusive 

have 

26 

18 

38 

19 

23 

3H 

the same center to face di- 

28 

18 

38 

19 

24 

4 

mensions as 

straight size 

30 

20 

41 

20W 

26H 

4M 

fittings. 



32 

20 

41 

20H 

26H 

5 





34 

22 

44 

22 

28 

6 





36 

24 

47 

23K 

29H 

7 





38 

24 

47 

23 H 

30H 

8 





40 

26 

50 

25 

31H 

9 


c 



42 

28 

53 

26 H 

33H 


10 

23 

11 H 

HH 

44 

28 

53 

2GK 

34>£ 

12 

12 

25 

13 

13 

46 

I S 

55 

27 U 

35 H 

14 

14 

30 

15 

15 

48 

32 

58 

r iHffi 

37H 

15 

15 

30 

15 

ioh 







The dimensiono given above are those adopted as a compromise by the 
committees responsible for the “U. S 1912 Standard" and the competing 
“Manufacturers Standard," and revised by the American Engineering 
Standards Committee in 1921. 
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The New American Standard fo» Flanges and Flanged 
Fittings. Continued 



Extra Heavy 


Size 

AA-Face to 
face, tees and 
crosses 

A-Center to 
face, ells, tees 
and crosses 

B-Center to 
face, long »-a- 
dius ellB 

C-Center to 
face 45° ells 

D-Face to face, 
laterals 

E-Center to 
face, laterals 

F-C enter to 
face, laterals 

J 

If 

o u 

Diameter of 
flanges 

Thickness of 
flanges 

Minimum 
metal thick- 
ness of body 

1 

8 

4 

5 

2 

8*4 

6*4 

2 


4K 

'Mo 

m> 

m 

8*4 

4*4 

5*4 

2*4 

9*4 

7*4 

2*4 


5*4 

H 

*4 

m 

9 

4*4 

6 

244 

11 

8*4 

2*4 


m 

'•Mo 

*4 

2 

10 

5 

6*4 

3 

11*4 

9 

2*4 


6*4 

H 

*4 

2*4 

11 

5*4 

7 

3*4 

13 

10*4 

2*4 


7*4 

1 

Mo 

3 

12 

6 

7% 

3*4 

14 

11 

3 

6 

8*4 

m 

Mo 

m 

13 

6*4 

8*4 

4 

15*4 

12*4 

3 

•6*4 

9 

1M« 

Mo 

4 

14 

7 

9 

4*4 

16*4 

13*4 

3 

7 

10 

1*4 

H 

4*4 

15 

7*4 

9*4 

4*4 

18 

14*4 

3*4 

7*4 

10*4 

IMo 

H 

5 

16 

8 

10*4 

5 

18*4 

15 

3*4 

8 

11 

1)4 

'Mo 

6 

17 

8*4 

11*4 

5*4 

21*4 

17*4 

4 

9 

12*4 

IMe 

H 

7 

18 

9 

1214 

6 

23*4 

19 

4*4 

10 

14 

1*4 

'Mo 

8 

20 

10 

14 

6 

25*4 

20*4 

5 

11 

15 

m 

'Mo 

9 

21 

ion 

15*4 

6*4 

27*4 

22*4 

5 

11*4 

16*4 

m 

7 /4 

10 

23 

11J4 

16*4 

7 

29*4 

24 

5*4 

12 

17*4 

m 

'Me 

12 

26 

13 

19 

8 

33*4 

27*4 

6 

14 

20*4 

2 

1 

14 

30 

15 

21*4 

8*4 

37*4 

31 

6*4 

16 

23 

2*4 

1*4 

15 

31 

15*4 

22*4 

9 

39*4 

33 

6*4 

17 

24*4 

2Mo 

IMe 

If. 

33 

16*4 

24 

9*4 

•42 

34*4 

7*4 

18 

25*4 

2*4 

1*4 

18 

36 

18 

26*4 

10 

45*4 

37*4 

8 

19 

28 

2H 

m 

20 

39 

19*4 

29 

10*4 

49 

40 *4 

8*4 

20 

30*4 

2*4 

1*4 

22 

41 

20*4 

31*4 

11 

53 

4*4 

9*4 

22 

33 

2H 

IMo 

24 

45 

22*4 

34 

12 

57*4 

47*4 

10 

24 

36 

2 H 

IW 

26 

48 

24 

36*4 

13 




26 

38*4 

2'M« 

l'Mo 

28 

52 

26 

39 

14 




28 

40)4 

2 1 Ma 

1*4# 

30 

55 

27*4 

41*4 

15 




30 

43 

3 

2 

32 

58 

29 

44 

16 




32 

45*4 

3*4 

2*4 

34 

61 

30*4 

46*4 

17 




34 

47*4 

3*4 

2*4 

36 

65 

32*4 

49 

18 




36 

50 

3*4 

2)4 

38 

68 

34 

51*4 

19 




38 

52*4 

3Me 

2Mo 

40 

71 

35*4 

54 

20 




40 

54*4 

3M« 

2Mo 

42 

74 

37 

56*4 

21 




42 

57 

3'Mo 

2' Mo 

44 

78 

39 

59 

22 




44 

59*4 

3M 

2'Mo 

46 

81 

40*4 

61*4 

23 




46 

61*4 

3)4 

2) 4 

48 

84 

42 

64 

24 




48 

65 

* 

3 


The dimensions given above arc those adopted as a compromise by the 
committees responsible for the " U S. 1912 Standard” and tbe competing 
‘‘Manufacturers, Standard,” and revised by the American Engineering 
Standards Committee in 1921. 
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The New American Standard for Flanges and Flanged 
Fittings. Continued 



Standard Extra Heavy 




J 

o • 

o 

■ip 

1 

st 


■S„ | 
la 

1 

o 

O 

O g 

N 

if 

8g 

£ 

1 

-Center 
ace, run 

Center 
ace, run 

$1 
<3 s' 

N 

11 

si 

o 

8 

fig 

-Center 
ace, run 

•Center 
ace, run 

Si 

If 

m 

CO 05 

6 M 

|o~ I 

|w~ | 

Eh* 4-1 

m 

S3* 


1 

1 | 


1 

1W 

All 

reducing fittings 1 

-3*4 

1 

1*4 

All 

reducing fittings 1 

-a'A 

m 

in. inclusive have 

same 

cen- 

1*4 

in. inclusive have 

same 

cen- 

2 

ter to face dimensions as 1 

2 

ter to face dimensions as 

2*4 

straight size fittings. 


2*4 

straight eizt 

) fittings. 


3 






3 






3*4 



* 



3*4 






4 

4 

15 

12 

3 

12 

4 

4 

16*4 

113*4 

3 

13*4 

4*4 

4*4 

16 

13 

3 

13*^2 

4*4 

4*4 

17*4 

14 

3*4 

14 

5 

5 

17 

13*4 

3*4 

14*2 

5 

5 

18*4 

15 

3*4 

15 

6 

6 

18 

14*4 

3*4 

14*4 

6 

6 

21*4 

17*4 

4 

17*4 

7 

7 

20 

16 

4 

16 

7 

7 

23*4 

19 

4*4 

19 

8 

8 

22 

17*4 

4*4 

17*4 

8 

8 

25*4 

20*4 

5 

20*4 

9 

9 

24 

19 

5 

19 

9 

9 

27*4 

22 

5*4 

22*4 

10 

10 

25*4 

20*4 

5 

20*4 

10 

10 

29*4 

24 

5*4 

24 

12 

12 

30 

24 'A 

5*4 

24*4 

12 

12 

33*4 

27*4 

6 

27*4 

14 

14 

33 

27 

6 

27 

14 

14 

37*4 

31 

6*4 

31 

15 

15 

34 '/2 

28*4 

6 

28*4 

15 

15 

30*4 

31*4 

7 

32*4 

16 

16 

36*4 

30 

6*4 

30 

16 . 

10 

42 

34*4 

7*4 

34*4 

18 

8 

26 

25 

1 

29*4 

’8 

8 

34 

31 

3 

32*4 

20 

10 

28 

27 

1 

29*4 

20 

10 

37 

34 

3 

36 

22 

10 

29 

28*4 

ijj 

31*4 

22 

10 

40 

37 

3 

39 

24 

12 

32 

31*4 

*4 

34*4 

24 

12 

44 

41 

3 

43 

26 

12 

35 

35 

0 

38 







,28 

14 

37 

37 

0 

40 







30 

14 

39 

39 

0 

42 








The dimensions given above are those adopted as a compromise by the 
committees responsible for the "IT. S. 1912 Standard” and the competing 
“Manufacturers’ Standard,” and revised by the American Engineering 
Standards Committee in 1921. 




MECHANICAL ENGINEERING 


579 


Safe Loads for Ropes 'and Chains 
(I n pounds) 

Prepared by National Founders' Association 
Caution: When handling molten metal, wire ropes and chains should be 
25 per cent, stronger than indicated in table. 


Note. — The safe loads in table 
are for each single rope or chain. 
When used double or in other 
multiples the loads may be in- 
creased proportionately. 

When 

used 

straight 

When 
used 
at 60° 
angle 

When 
used 
at 45° 
angle 

When 
used 
at 80° 
angle 


A 

/\ 





Plow Steel Wire Roi*e 
(0 strands of 19 or 37 
wireB ) If crucible steel 
rope is used reduce loads 
one-fifth. 

Dia. 

H" 

H 

H 

n 

7 /i 

1 

1 M 
i y* 
m 

1M 

1,500 

2,400 

4.000 

6.000 
8,000 

10,000 

13 000 
16,000 
19,000 
22,000 

1,275 

2,050 

3,400 

5,U)0 

6,800 

8,500 

11,000 

13,500 

16,000 

19,000 

1,050 

1,700 

2,800 

4,200 

6,600 

7.000 

9.000 
11,000 

13.000 

16.000 

750 

1,200 

2,000 

3.000 

4.000 

5.000 

6.500 

8.000 

9.500 
11,000 

Crane Chain 
(Best grade of wrought 
iron, hand-made, tested, 
short link chain ) 

Dia. 
of iron 

~w r 

H 

W 

7 A 

1 

m 

1M 

1 H 

600 

1,200 

2,400 

4,000 

5.500 

7.500 

9.500 
12.000 

15.000 

22.000 

500 

1,025 

2,050 

3.400 
4,700 

6.400 
8,000 

10,200 

12,750 

19,000 

425 

850 

1,700 

2,800 

3,900 

5,200 

6,600 

8,400 

10,500 

16,000 

350 

600 

1,200 

2,000 

2,750 

3.700 

4.700 
6.000 
7,500 

11,000 

Manila Rope 
(Best long fiber 
grade.) 

Dia 

H" 

H 

H 

1M 

1 H 
lb 

i* 

2H 

2 

3 

Cir. 

1 " 

1 H 

2 

2 y* 

2 fi 

3 

3H 

3 H 

4W 

5H 

6 

7 W 

9 

120 

250 

360 

520 

620 

750 

1,000 

1,200 

1,600 

2,100 

2,800 

4.000 

6.000 

100 

210 

300 

440 

520 

625 

850 

1,025 

1,350 

1,800 

2.400 

3.400 
5,100 

• 

85 

175 

250 

360 

420 

525 

700 

850 

1,100 

1,50(1 

2,00tT 

2,800 

4,200 

» 

9 

60 

125 

180 

260 

300 

375 

500 

600 

800 

1,050 

1,400 

2,000 

3,000 
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ANNEALING CHAINS 1 

For many years The Travelers Insurance Company has 
recommended the periodical annealing of chains that are subject 
to severe usage, such as those that are used on cranes, dredges, 
and chain hoists, and for slings and for other heavy work, 
although many prominent authorities firmly believe that such 
treatment is inadvisable. A recent canvass of a considerable 
number of manufacturers shows that those in favor of the 
annealing process outnumber those opposed to it by about 
five to one, although the advocates of annealing are not in 
harmony as to the methods employed, the frequency of anneal- 
ing, the temperature to which the chains are to be subjected, or 
the length of time required to insure good results. 

All chain manufacturers, and practically all chain users, are 
aware of the fact that rough usage, shocks, and twists tend to 
weaken chains. A change gradually occurs in the molecular 
composition of the material, and the strength of the chain 
becomes seriously impaired. This is known as “fatigue” of the 
metal. There may be no visible evidence of this deterioration, 
although a careful microscopic examination would doubtless 
disclose a multitude of small cracks; but a person accustomed 
to the use of chains knows that deterioration is going on, and 
that eventually the chains will fail. When a chain has been 
in service for a sufficient length of time to make it unsafe for use 
at the load for which it was originally designed, it would be 
desirable to discard it, or at least to use it only for lighter loads; 
but such a course is not always practicable, nor, according to the 
views of the advocates of annealing, is it necessary, because the 
process of annealing counteracts the effects of fatigue and 
restores the chain to nearly its original strength. 

As to the proper method of doing the work, a pyrometer- 
controlled muffle furnace is the best* thing possible. Open fires 
are bad because it is difficult to guess the temperature of the 
chain, and impossible to hold the temperature steady. The 
Committee on Heat Treatment, of the American Society for 
Testing Materials, recommends the following annealing tem- 
peratures. 

Carbon content Annealing temperature 

Less than 0.12 per cent 875-925°C. (1607-1697°F.) 

0.12-0 25 per cent 840-870°C. (1544-1598°F.) 

0.30-0.49 per cent. . .. 815-840°C. (1499-1544°F.) 

0.50-1.00 per cent 790-815°C. (1 454-1 499°F.) 

If an open fire must be used, heat to a cherry red in a wood 
fire, then let the fire die out, and allow the chain to cool in the 
ashes. .• 

Various methods for testing chains are employed by persons 
who have no faith the annealing process. The method advo- 
ci^ed by # the Yale & Towne Manufacturing Co. and by the 
Brown & Sharpe Manufacturing Co. is to make use of a gage 3 
1 From the ‘‘Travelers Standard” p. 122, 1915. 
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• 

ft. long. Every new chain is marked with a prick-punch at 
intervals of 3 ft., and at each subsequent inspection of the chain 
the prick-punch marks are compared with the gage. If it is 
found that a section of the chain between two of the marks has 
stretched by an amount equal to one-third of the length of a 
link, the chain is considered unsafe and is condemned, or is used 
in some place where it will be subjected only to light loads. It 
is sometimes found that only a single section of the chain must 
be discarded. The experience of users of chains who have 
adopted this method for testing them has been satisfactory, in 
the main, the accidents from breaking chaihs have been mate- 
rially reduced by it. Manifestly, however, it would not apply 
without modification to chains having unusually large hnks. 

Many authorities on chains, even though admitting that 
sling chains should be annealed, insist that block chains that 
pass.over sheaves should not be treated in this way. The dan- 
ger from molecular changes caused by overloading the chains 
may be greatly diminished by proper annealing, but when dis- 
tortion of the links occurs in block chains the chains no longer 
fit the sheaves, and excessive wear results, often accompanied by 
severe and badly distributed stresses. No amount of annealing 
can restore the links to their original lengths^and the only prac- 
tical remedy, when such distortion has occurred, is to substitute 
new chains. 

FIBER ROPE KNOTS AND HITCHES— AND HOW TO 
MAKE THEM 

The principle of a knot is that no 2 parts which would move 
in the same direction if the rope were to slip, should lie alongside 
of and touching each other This principle is clearly shown in 
the square knot (I). 

A great number of knots have been devised, of which a few of 
the most useful are herewith illustrated by courtesy of C. W. 
Hunt Company, of New York. In the engravings they are 
shown open, or before being drawn taut, in order to show the 
position of the parts. The names usually given to them are: 

A. Bight of a rope. 

B. Simple or overhand knot 

C. Figure 8 knot. 

D. Double knot. 

E. Boat knot. 

F. Bowline, first step. 

G. Bowline, second step. 

H. Bowline, completed. 

I. Square or reef knot. 

J. Sheet bend or weaver’s knot. 

K. Sheet bend with a toggle. 

L. Carrick bend. 

M. “Stevedore” knot completed. 

N. “Stevedore” knot commenced. 
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O. Slip knot. • 

P. Flemish loop. 

Q. Chain knot with toggle. 

R. Half-hitch. 

S. Timber-hitch. 

T. Clove-hitch. 

Rolling-hitch. 

Timber-hitch and half-hitch. 
Blackwall-hitch . 
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X. Fisherman's bend. • 

Y. Round turn and half-hitch. 

Z. Wall knot commenced. 

AA. Wall knot completed. 

BB. Wall knot crown commenced. 

CC. Wall knot crown completed. 

DD to HH. Eye splice commenced and completed. 

The bowline (G) is one of the most useful knots; it will not 
slip, and after being strained is easily untied. It should be tied 
with facility by everyone who handles rofce. Commence by 
making a bight in the rope, then put the end through the bigtit 
and under the standing part, as shown in the engraving, then 
pass the end again through the bight, and haul tight. 

The square or reef knot (1) must not be mistaken for the 
"granny '' knot that slips under a strain. Knots (H, K and 
M) are easily untied after being under strain. The knot (M) is 
useful when the rope passes through an eye and is held by the 
knot, as it will not slip, and is easily untied after being strained. 

The wall knot looks complicated, but is easily made by pro- 
ceeding as follows : 

Form a bight with strand 1, ajid pass the strand 2 around the 
end of it, and the strand 3 around the end of 2, and then through 
the bight of 1, as shown in engraving Z. Haul the ends taut, 
when the appearance is as shown in the engraving AA. The 
end of the strand 1 is now laid over the center of the knot, 
strand 2 laid over 1, and 3 over 2, when the end of 3 is passed 
through the bight of 1, as shown in the engraving BB. Haul 
all the strands taut, as shown in the engraving CC. 

The “stevedore" knot (M), (N) is used to hold the end of a 
rope from passing through a hole. When the rope is strained 
the knot draws up tight, but it can be easily untied when the 
strain is romoved. * 

If a knot or hitch of any kind is tied in a rope, its failure under 
stress is sure to occur at that place. Each fiber in the straight 
part of the rope takes proper share of the load, but in all knots 
the rope is cramped or has a short bend, which throws an over- 
load on those fibers that arc on the outside of the bend and onp 
fiber after another breaks until the rope is torn apart. The 
shorter the bend in the standing rope, the weaker is the knot. 

The curvature of wire ropes over pulleys should be such that the bending 
stress plus the load stress will not produce a tension m tho wires greater than 
the clastic limit. 

Ea 

The bending stress in lb. = - 

206 <f + c 

where E ■= the modulus of elasticity; R = radius of bend in inches; d =■ 
diameter of the individual wires in inches; and C = a constant depending on 
the number of wires in the strands (for 7-wire rope C = 9 27; for 12-wire. 
12 36; for 15-wire, 15 45). 

The tension of a rope is measured by its sag at the*center of the arc. Let 
h = deflection in ft.; to =» wt. of rope in lb. per running foot; t => tensi *n; 

l «■ chord of arc in ft.; then h ™ 
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HOW TO 6PLICE WIRE ROPE 1 

The accompanying illustrations show how a substantial 
wire-rope splice may be effected. A hammer and a cold chisel 
for cutting off ends of strands, a steel fid or marlinspike for 
separating strands, two clamps for untwisting the rope, a sharp 
pocket knife for cutting the hemp core and a wooden mallet are 
all the tools needed. When starting to splice, proceed in 
this order: 

First, lay the rope on the ground, with ends overlapping 
20 ft., 10 ft. each wa y from the center, as shown in Fig. 1. 

Second, unlay the strands of both ends of the rope for a 
distance of 10 ft., as shown in Fig. 2. Cut off the hemp coreB 
close up on both sides and bring the strands together so that 
the opposite strands will interlock regularly with each other. 

Third, unlay strand la and follow up with strand 1 of the 
other end, laying it tightly in the open groove made by unwind- 
ing la; make the twist of the strand agree exactly with the 
twist of the open groove. Proceed with this until all but 
6 in. of strand 1 is laid in or until la has become 20 ft. long, then 
cut off la, leaving an end about 6 in. long. 

Fourth, unlay strand 4 of the opposite end and follow with 
strand 4a, laying it in the open groove as before, treating this 
as the first case (see Fig. 3). Pursue the same course with 2a 
and 2, stopping 4 ft. short of the first set. Next do this with 

5 and 5a, stopping as before, then with 3a and 3, and last with 

6 and 6a. The strands are now all laid in with the ends 4 ft. 
apart, as shown in Fig. 4. 

Fifth and last, the ends must be secured without enlarging 
the diameter of the rope. Take the two rope clamps, as shown 
in Fig. 6, and fasten them to the rope, as shown in Fig. 5. 
Twist them in opposite directions, thus opening the lay of the 
rope, as in Fig. 5. Next with a knife cut out the hemp core 
about 6 in. on each side. Straighten the ends and slip them 
into the place occupied by the core; then twist the clamps 
back, closing up the rope, and take out the slight inequality 
with the wooden mallet and a block of wood. Next shift the 
clamps and repeat the operation at the other five places, and 
the splice is made. 

1 By C. J. Fuetter, Logan, W. Va„ in Coal Age , Nov. 20, 1915 
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Formular*for Pumps and Piping 1 

To find Give Formulas 


1. Pressure in lb. per Head in ft. *■ II 
eq. in. *= P. 

2. Head in ft. ■■ II. Pressure in lb. per 

sq. in. « P. 

3. Horsepower re- Gal. per min. «=■ G 

quired to raise water Head in ft. => II. 

(theoretical). , 

4. Volume of water Internal dia. of pipe 

discharged by pipe in in. *» D. 
(neglecting bends Head in ft. ■» II. 

ana friction). Length of pipe in 

yards « L. 

6. Theoretical capar- Area of ram in 
ity of single-acting in. A. 
pump. Stroke in in. 

No. of strokes per 
min. = N. 

6. Dia. in in. of Gal. per Btroke = 

single-acting pump G. 

to deliver given n urn- Stroke in ft. « S. 

ber of gals, per 

Btroke. 

7. Feet head lost by pGal. per min. =G. 
friction in pipes - F. Length of pipe in 

yards = L. 
Internal dia. of pipe 
in in. = D. 

8. Approx, weight of Internal dia. of pipe 

water in vertical in in. = D. 

pipes in lb. — IF. Length of pipe in 

yards == L. 

9. Thickness of cast- Internal dia. of pipe 
iron pipes in in. in in. — D. 

« T. Pressure in lb. per 

8q. ill. *» P. 

10. Delivery per Dia. of plunger in 

stroke of single-act- in. «■ D. 1 

ing pump. Stroke in ft. a »S. 

11. Speed of water Area in pipe in 

through pipeB in ft. in = A. 

per sec. Discharge in cu. 

ft. per min. *= 

w F P.M. 

12. Velocity in ft. II = head, 
per^sec. due to head g =• 32.2. 

13. Head from ve- 
locity, 

14. Imperial gallons. . Cubic feet = C 

15. Cubic feet Gallons (Imperial) 

* G. 


P - H X 0.433. 
// - P X 2.312. 
G X H 


H.p. 


3,300 


Gal. per min.: ■* 28 




Gal. per 

AX.SXiVX6.25. 
mm '"- 1728 


Dia. of pump = 

(allowing 5 per cent, waste). 


G 2 X L 
(3D)» 


IF = D* X L. 


T « PJXF +03 

1 4,000 + °' 3 ’ 


Gal. delivered D* X 8 
per stroke *■ — — — 

•51 

(allowing 5 per cent, waste). 

Velocity F.P.M. X 2.4 
ft. per sec. — 


V - V2gii 

h- r 

2g 

Imperial gallons ■■ C X 6.25. 
Cubic feet “ G X 0.16. 


1 G. S. Burrows, in American Machinist , Aug. 20, 1914. 
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EFFECT OF FITTINGS ON FLOW OF FLUIDS THROUGH 
PIPE LINES 

Dean E. Foster presented the accompanying pipefitting 
equivalent tables and steam flow chart at the annual meeting 
of the A.S.M.E., New York, Dec. 7-10, 1919. To illustrate, 
an example may be taken of a 6-in. steam line 1,000 ft. long, 
containing five gate valves, three angle valves, twenty standard 
tees and ten standard elbows. From the lower table for vapors, 
these fittings are found to be equivalent to 332.10 ft. of 6-in. 
pipe, as follows: * 


5 gate valves at 4.81 24.05 

3 angle valves at 17.35 52.05 

20 standard tees at 6.35 127 00 

10 standard elbows at 12.90 129.00 

Total allowance ... 332 . 10 

Actual pipe length 1,000 00 

Equivalent total length 1,332 . 10 


The chart shows that with an initial pressure of 150 lb. and a 
total loss of 5 lb. pressure or 0.375 lb. per 100 ft. this line will 
transmit 225 lb. of steam per minute. If the effect of the valves 
and fittings had been ignored, the calculation would show a 
capacity of 260 lb. of steam per minute. 

The upper table for liquid flow is used in conjunction with 
standard tables, Cox's flow of water through pipes, etc., in a 
similar manner. In both formulas, 

L e = feet of pipe equivalent to fitting. 
d = diameter of pipe m inches. 
r = factor of resistance. 
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Standard Pipe Equwalents to Allow for Fittings 
Conduits Carrying Non-viscous Liquids 
(Formula Used: L» = 53.75rd 1 - 2 *; 


a> 1 

ft 

ft 

1 -9 

1 i 

Actual inside 
diameter, in. 

Gate valve 

. ss 

li 

©•a 

El 

I s 

Medium-sweep 
elbow or tee 
red. in size \i 

Standard elbow 
or tee reduced 
in size 

j 

► 

9) 

1 

Close return 
bend 

Tee through 
side outlet 

Globe valve 

Factor of 
resistance 

0.25 

0.33 

0.42 

0.67 

0.90 

1.00 

1.33 

1 2.00 

K 

0.662 

0 335 

0.442 

0.56 

0.89 

1.20 

1 34 

1 79 

2 68 

H 

0.824 

0.475 

0.627 

0 79 

1 27 

1 71 

1 90 

2.52 

3 80 

1 

1.049 

0.640 

0 844 

1.07 

1 72 

2.30 

2 56 

3 40 

5.12 

1M 

1.38 

0.902 

1.19 

1 51 

2 42 

3 24 

3.61 

4 80 

7.22 

Ua 

1.61 

1.09 

1.43 

1.83 

1.92 

3.92 

4 36 

5.79 

8.72 

2 

2.06 

1.49 

1.96 

2 50 

3.99 

5.36 

5.96 

7.92 

11.92 

2H 

2.46 

1.86 

2.46 

3 13 

5.00 

6.72 

7.47 

9.03 

14.94 

3 

3.06 

2.46 

3.25 

4 11 

6.06 

S 87 

9 86 

13.11 

19.72 

3H 

3.54 

2.92 

3.80 

4 91 

7.84 

10 53' 

11 70 

15 56 

23.40 

4 

4.026 

3.44* 

4.53 

5 77 

9.22 

12.37 

13.70 

18.28 

27.50 

4H 

4 . 506 

3 95 

5.20 

6 63 

10.60 

14.22 

15.80 

21.01 

31.60 

5 

5.047 

4 57 

6.00 

7.68 

12.20 

16.47 

18.30 

24.33 

36.60 

6 

6.065 

5.72 

7 55 

9.61 

15.30 

20.61 

22.90 

30.45 

45.80 

7 

7.024 

6.90 

9.10 

11 59 

18.50 

24.84 

27.60 

36 70 

55.20 

8 

7.081 

8.10 

10 09 

13 00 

21 70 

29 16 

32.40 

43.09 

64.80 

10 

10 020 

10.70 

14.10 

17 97 

28.70 

38 52 

42.80 

56.92 

85.60 

12 

12.090 

12.50 

17.80 

22.08 

36.20 

48.60 

54.00 

71.82 

108.00 


Conduits Carrying Vapors or Gas 
(Formula Used: 1» =* 43.7rd 1 - 2 ) 


Factor of 
resistance 

0.25 

0 33 

0.42 

0.67 

0.90 

1.00 

1.33 

2 00 

• 

X 

0 622 

0 031 

0. 

41 

0 

52 

' 0. 

84 

1. 

12 

1 25 

1 

66 

2 

50 

H 

0 824 

0 044 

0 

57 

0 

73 

1 

17 

1. 

57 

1 75 

2 

33 

3 

50 

l 

1.049 

0.057 

0 

77 

0 

98 

1 . 

57 

2. 

11 

2.34 

3 

.11 

4 

68 

IX 

1.380 

0.082 

1. 

07 

1 

37 

2. 

19 

2 

94 

3.27 

4 

35 

6 

54 

IX 

1.610 

0 098 

1. 

29 

1 

64 

2. 

63 

3. 

52 

3.92 

5, 

.21 

7 

84 

2 

2.067 

1.32 

1. 

74 

2, 

.23 

3 

55 

4. 

77 

5.30 

7 

.05 

10. 

.60 

2M 

2.469 

1.64 

2. 

16 

2. 

.75 

4. 

39 

5. 

91 

6.56 

8, 

.71 

13. 

.12 

3 

3.068 

2 13 

2 

81 

3, 

,59 

5. 

72 

7. 

69 

8.54 

11 

.40 

17. 

.08 

3X 

3 548 

2.53 

3 

34 

4 

26 

6. 

80 

9. 

10 

10.13 

13 

.50 

20. 

.26 

4 

4 026 

2 06 

3 

90 

4. 

,97 

7 

94 

10. 

65 

11.84 

15 

.75 

23. 

.68 

4H 

4.506 

3 27 

4. 

45 

5 

66 

9. 

05 

12. 

14 

13.50 

17, 

.95 

27. 

00 

5 

X 0*7 

3.88 

5. 

11 

6. 

42 

10. 

40 

13. 

95 

15.51 

20. 

.60 

31. 

02 

6 

6.068 

4.81 

6. 

35 

8 

09 

12 

90 

17. 

35 

19.27 

25, 

60 

38. 

54 

7 

7 023 

5.75 

7 

59 

9. 

66 

15. 

40 

20 

70 

23.02 

30 

60 

46. 

08 

8 

7.981 

6 70< 

8. 

85 

11. 

20 

17. 

90 

24. 

10 

26.80 

35. 

60 

53 

60 

10 

10*02 

8.75 

11. 

54 

14. 

70 

23. 

40 

31. 

50 

35.00 

46. 

60 

70. 

,00 

f 2 

12.09 

10.90 

14. 

40 

18. 

35 

29. 

30 

39. 

30 

43.70 

58. 

10 

87. 

40 
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With, two fans pulling air from the safne flue : if A is the volume 
of gas handled by the first fan alone, and B the volume handle d 
by the second fan alone, both together will handle \/ A 3 + B®. 

Water Pressure at Various Heads 


Feet 

head 

Pounds 

per 

BQ in. 

Feet 

head 

Pounds 
per 
sq. in. 

Feet 

head 

Pounds 
per 
sq. in. 

Feet 

head 

Pounds 
per 
sq. in. 

» 

Feet 

head 

Pounds 
per 
sq. in. 



130 

135 

140 

145 

150 

155 

160 

56.31 
58.48 
60.64 
62.81 
64.97 
67.14 

69.31 

195 

200 

205 

210 

215 

220 

225 

84.47 

86.03 

88.80 

90.96 

93.14 

95.30 

97.49 

260 

265 

270 

275 

280 

285 

290 

112.62 

114.79 

116.96 

119.12 

121.29 

123.45 

125.62 

350 

360 

370 

380 

390 

400 

450 

500 

550 

151.61 

155.94 

160.27 

164.61 

168.94 

173.27 
194.92 
216.58 
238.24 

100 

43.31 

165 

71.47 

230 

99.63 

295 

127.78 

600 

650 

259.90 

281.56 

105 

45.48 

170 

73.64 

235 

101.79 

300 

129.95 

700 

750 

303.22 

324.88 

110 

47.64 

175 

75.80 

240 

103. 9G 

310 

•134.28 

800 

850 

346.54 

368.20 

115 

49.81 

180 

77.97 

245 

106.13 

320 

138.62 

900 

950 

389.86 

411.52 

120 

125 

51.98 
j 54.15 

185 

190 

80.14 

82.30 

250 

255 

108.29 

110.46 

330 

340 

142.95 

147.28 

1000 

433.18 


For heads under 100 ft., take the figure corresponding to 10 
(or 100) times the given head and move the decimal point one 
(or two) places to the left. 


Flow of Gas in Pipes 1 

If d = Diameter of pipe in inches. 

Q = Quantity of gas in eu. ft. per hour. 
I = Length of pipe in yards. 
h = Pressure in inches of water, 
s = Specific gravity of gas, air being 1, 

then 


V, 


Q*sl_ 
(1350 ) 2 h 
, _ Q*sl 
(1350 ) 2 d 6 

Q = 1350d 2 


1350 


Wh 

si 


[dh 

\sl ~ 

or Molesworth gives Q = 1000 

while J. P. Gill gives Q = t- 

\ s(l -f- a) 

1 Kent, “Mechanical Engineers’ Pocket Book.” 
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Flow*t>f Fluids in Pipes . 1 

Notation : 

v = mean velocity of fluid, ft. per sec. 

R = hydraulic radius of duct. 

S = hydraulic slope. 

P = pressure absorbed by friction, lb. per sq. ft. 
p = pressure absorbed by friction; lb. per sq. in. 
A — sectional area of duct, sq. ft. 

O — perimeter of duct, ft. 

L = length of dflct, ft. 
d — diameter of cylindrical duct, inches. 
w = density of the fluid, lb. per cu. ft. 
a = sp. gr. = w -r- 62 4. 

C, k and B, coefficients to be described below. 
n = a coefficient for roughness. 

(a) The slope formula, v — Cy/RS. 

C b ) The ventilation formula, v = \ . 

o\) \ kC 


\lkOL 

(c) The pipe formula, v = 

C — Kutter’s coefficient. 

= Atkinson’s coefficient. 

= A coefficient for studying flow of waters, gases and 
vapors in pipes. 

1 lw_ B 
60 vk V3 
v 2 3,600 kv 2 _ 3v 2 

C 2 R ‘ WR B 2 R 


k 

B 


S = 


41.6 + ~ 


0 00281 , 1 811 


C = ■ 


g* 


+ : 


1 4 - 


( 41 


A , 0 00281 \ 

6 4 — — )n 


9* 


144p 


Vr 


° S g 62 4 gL 2 308 i' 

The above equation is only true for water if R is less than 3 28. 


Values for C for Water ( n =0 010) 


s - 

0.0001 

0.001 

0 01 

R = 1 00 

147 

155 

156 

R - 3 28 

. 181 

181 

181 

R = 10 00 

*■ 

* 205 

197 

196 


1 Trans, AJ.M.E Pittsburgh meeting, 192b. 
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Babcock Formula for Steam 


The formula for B as applied to equation (c) is of little value 
for velocities below 1,000 ft. per sec. 


Goodenougii Formula for Air in Smooth Concrete 
Ducts 

10% = (l 5115 + ^4? )w. 


Values of n (Water and Ventilation) 


For smooth concrete pipe 
For galvanized pipe 
For canvas pipe 
For coal-mine entires. 

For timbered headings 
For igneous rocks 


0 010 
0 010 

0 011-0 012 
0.019-0 020 
• . . 0 029 

0 035 



Table foe Converting "Compressed Air” into "Free Air” 1 
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Sullivan Machinery Co.’s Catalogue. 
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Horsepower (Theoretical) Reqihred to Compress 100 
Cu. Ft. Free Air to Various Pressures 1 


Gage 

pressure 

Single-stage 

Two-stage 

Saving of two-stage over 
single-stage compression 

Horsepower 

Per cent. 

5 

1.97 




10 

3.61 




15 

5.02 




20 

6.28 


•» 


25 

7.44 




30 

8.45 




35 

9.41 




40 

10.30 




45 

11.13 




60 

11.92 

10.65 

1.28 

10.70 

55 

12.67 

11.25 

1.42 

11.22 

60 

13.37 

11.81 

1.57 

11.72 

65 

14.05 

12.34 

1.71 

12.18 

70 

14.70 

12.84 

1.85 

12.61 

75 

15.32 

13.32 

2 . Q 0 

13.04 

80 

15.91 

13.77 

2.13 

13.40 

85 

16.48 

14.21 

2.27 

13.77 

90 

17.04 

14.63 

2.41 

14.12 

95 

17.57 

15.03 

2.54 

14.45 

100 

18.09 

15.42 

2.67 

14.77 

110 

19.08 

16.15 

2.93 

15.36 

120 

20.01 

16.83 

3.18 

15.90 

130 

20.90 

17.46 

3.43 

16.42 

140 

21.74 

18.07 

3.67 

16.89 

150 

22.55 

18.64 

3.91 

17.33 

160 

23.32 

’ 19.26 

4.06 

17.40 

170 

24.06 

19.78 

4.29 

17.80 

180 

24.77 

20.27 

4.51 

18.18 

190 

25 46 

20.74 

4.70 

18.46 

200 

26.12 

21.19 

4.93 

18.88 

210 


21 54 



220 


21.96 



230 


22.37 



240 


22.76 



250 


23 . 03 



260 


23 28 



270 


23.84 



280 


24.19 



290 


24.53 



300 


24.85 



350 


26 . 35 


* 

400 


27.65 



450 


28.85 

, 


500 


29.97 


, 






To secure the actual horsepower required to compress a given volume 
of air to any desired pressure, 10 to 15 per cent, should be added to the 
figures shown above, depending upon the size and type of the compressor, 
to allow for meohanical losses. 

> Sullivan Machinery Co.’s Catalog. 
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Approximate Cubic FeiTt op Free Air and Working Pres- 
sure Required to Raise 1 Gal. of Water by Air Lift 1 


y a L H - Submergence in feet. 

Log — j~ - 34 X 292.5 L ” Lift in fe ®t. 
o4 

Ft. lb. working power « submergence X 0.4465 + 7 lb. 
V »» Volume of free air per gallon in cubic feet. 


Ratio op Submergence to Lift 


Lift 

in 

feet 

25 per cent. 
H~l 

33 per cent. 
h-1 

43 per cent. 

•}4-l 

50 per cent. 
1-1 


Free air, 
cu. ft. 

Working 

pressure 

Horse- 

power 

F. 

A. 

C. 

F. 

W. 

P. 

H. 

P. 

F. 

A. 

C. 

F. 

W 

P. 

H. 

P. 

F. 

A. 

C. 

F. 

w. 

P. 

H. 

P. 


20 










0 34 

16 

ms 


30 










0.38 

20 

.024 

S 

40 










0 41 

?5 

031 


50 










0.44 

29 

036 

-3 

60 










0.47 

34 

043 

2 

80 







. 



0.52 

43 

.056 


100 






. . 

0.68 

40 

.070 

0.58 

52 

.071 


120 



. 




0.73 

47 

.084 

0.63 

61 

075 


140 







0.79 

54 

.099 

0 68 

70 

087 


160 . 







0784 

In 

.100 

0.73 

78 

\099 


180 







0.88 

07 

linn 77 

88 

111 

I Si 

200 

1.44 

37 

.141 

1.15 

52 

141 

0.93 

74 

.123 

0.82 

96 

.124 

$ 

250 

1.57 

44 

.172 

1.27 

63 

154 

1.05 

91 

.154 

0.92 

119 

.154 

2 

300 

1.69 

52 

.207 

1.40 

74 

186 

1.20 

107 

.191 

1.03 

141 

.187 


350 

1.82 

59 

.241 

1.50 

85 

213 

1.31 

124 

.224 

1.16 

163 

.225 


400 

1.96 

66 

.244 

1.63 

96 

246 

1.38 

141 

.250 

1.23 

186 

253 


450 

2.08 

74 

.276 

1.74 

107 

277 

1.48 

157 

.282 

1.33 

208 

.267 


500 

2.19 

82 

.306 

1.86 

119 

312 

1.56 

174 

.312 

1.43 

230 

299 


550 

2.30 

88 

.333 

1.96 

130 

342 

1.6U 

191 

.349 

1.52 

253 

.329 


6C0 

2.41 

96 

.364 

2.05 

141 

372 

1.7S 

208 

.358 

1.61 

275 

.360 


650 

2.52 

104 

.396 

2.18 

152 

409 

1.87 

226 

.388 

1.74 

297 

.400 


700 

2.64 

111 

.428 : 

2.27 

163 

441 

1.96 

240 

.416 

1.81 

320 

.427 

s> 

750 

2.76 

119 

.463 : 

2.37 

174 

473 : 

2.06 

258 

.450 

1.88 

342 

.454 

CS 

800 

2.88 

126 

.496 : 

2.47 

186 

508: 

2.15 

275 

.480 

1.97 

364 

.486 

m 

850 

2.97 

133 

.524 : 

2.57 

197 

542 : 

2.24 

292 

.512 

2.06 

387 

.519 

c4 

' 900 ; 

3.07 

141 

.557 2 

2.67 j 

208 

.537 2.33 

308 

.542 

2.14 

409 

. 550 


950 

3.18 

149 

.591 : 

2.76 : 

219 

.566|2.40 

325 

.567 

2.22 

431 

.579 


iooo ; 

3.28 

156 

.622 : 

2.86 : 

230 

.598 2.77 

342 

.609 

2.31 

453 

614 



1 Sullivan Machinery Co.’s Catalog. 
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Approximate Cubic Feet or Free Aift and Working Pressure 
Required to Raise 1 Gal. of Water bt Air Lift. Continued 


eI iija IS e l 3 IB3 

HllgHlgHlilH 


20 

0.29 18 

.017 0.25 20 

.016 0.20 25 .015 

0.17 

29 

.014 

30 

0.32 24 

.023 0.28 27 

.022 0.23 34.021 

0.20 

40 

.021 

40 

0.35 29 

.029 0.31 34 

.029 0.26 43.028 

0.23 

52 

.028 

50 

0.38 35 

.036 0.34 40 

.035 0.29 52.035 

0.26 

63 

.032 

60 

0.41 40 

.042 0.37 47 

.042 0.32 61 .038 

0.28 

74 

.037 

70 

0.46 52 

.05 G 0.42 61 

.050 0.36 78.049 

0.33 

96 

.050 

100 

0.51 63 

.062 0.47 74 

.062 0.41 96.062 

0.37 

119 

.062 

120 

0.56 74 

.074 0.52 87 

.075 0.46 114 .076 

0.42 

141 

.076 

140 

0.61 85 

.087 0.56 101 

.087 0.50 132 .088 

0.46 

163 

.089 

160 

0.66 96 

.100 0.60 114 

.099 0.54 150 .101 

0.50 

186 

.103 

180 

0.70 108 

.112 0.65 127 

.112 0.58 168 .114 

0.54 

208 

.109 

200 

6.74 119 

.124 0.69 141 

.125 0.62 186 .127 

0.58 

230 

.121 

250 

0.86 147 

.159 0.79 174 

.158 0.72 230 . 15 f 

0.67 

286 

.152 

300 

0.96 174 

.192 0.89 208 

.179 0.81 275 .181 

0.76 

342 

.184 

350 

1.05 202 

.209 0.98 241 

.209 0.89 320 .211 

0.84 

398 

.214 

400 

1.14 230 

.238 1.08 275 

.241 0.98 364 .242 

0.93 

453 

.247 

450 

1.23 258 

.269 1.17 308 

.272 1.07 409 .275 

1.02 

509 

.282 

500 

1.32 286 

.299 1.26 342 

.304 1.15 453 .306 

1.09 

565 

.308 

550 

1.42 328 

.338 1.34 375 

.334 1.25 498 .343 




600 

650 

700 

1.51 342 
1.61 ?70 
1 . 68 398 

.365 1.42 409 
.400 1.52 442 
. 428 1 . 60 470 

.365 1.31 543 .369 
.401 1.39 587 .402 
.432 1.47 632 .435 




750 

1.78 *25 

. 463 1 . 66 509 

.458 1.55 677 .468 




800 

1.86 453 

.494 1.75 543 

.493 1.65 721 .507 




850 

1.93 481 

.523 1.82 576 

.523 1.70 766 .533 




900 

2.00 509 

.552 1.86 6 10 

.544 1.77 811 .564 




950 

2.08 536 

. 584 1 90 643 

.591 1.85 855 .599 




000 

2.17 565 

.618 2 06 677 

,622 1.93 900 .634 

1 1 1 1 

. . . 



2-Stage 








V OLUMETBIC AND HORSEPOWER COEFFICIENTS FOB TwO-BTAGB AlR COMPR ESSION 1 
] Terminal gage pressure, pounds per square inch. ~~ 




Sullivan Machinery Co.’s Catalog. 











Horsepower p*jr 100 Cubic Feet Free Air Per Minute, Two-stage Compression; Theoretical 

Horsepower in Air Cylinders 1 

(Allow for Friction and other Losses) 
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Air Lifts — Ratitf of Lift to Submergence 1 


Lift 

Up to 50 ft. 
50-100 ft. 
100-200 ft. 
200-300 ft. 
300-400 ft. 
400-500 ft. 


Submergence 

70-66 per cent. 
66-55 per cent. 
55-50 per cent. 
50-43 per cent. 
43-40 per cent. 
40-33 per cent. 


METALLURGICAL CONSTRUCTION 
Allowable Unit Strains For Metallurgical Works 2 

Substructure 

Foundations . — Pressure on foundations not to exceed, in tons 


per square foot: 

Soft clay 

Ordinary clay and dry sand mixed with clay. 2 

Dry sand and 'dry clay * 3 

Hard clay and firm, coarse sand . . 4 

Firm, coarse sand and gravel. . . 6 

Masonry. — Working pressure in masonry not to exceed, in 
tons per square foot: 

Common brick, Rosondale-cement mortar. 10 

Common brick, Portland-cement mortar 12 

Hard-burned brick, Portland-cement mortar. 15 

Rubble masonry, Rosendale-cement mortar 8 

Rubble masonry, Portland-cement mortar. 10 

Coursed rubble, Portland-cement. mortar. 12 

First-class masonry, sandstone. 20 

First-class masonry, limestone 25 

First-class masonry, granite ... 30 

Concrete for walls: 

. Portland cement 1-2-5 20 

Portland cement 1-2-4 25 

Pressure on Wall-plates. — The pressure of beams, girders, 
wall-plates, column bases, etc., on masonry shall not exceed the 
following, in pounds per square inch : 

On brickwork with cement mortar. . 200 

On rubble masonry with cement mortar. 200 

On Portland-cement concrete . . . . 350 

On first-class sandstone. . . .... 400 

On first-class limestone. 500 

On first-class granite ... ... 600 


* ' 

Sullivan Machinery Co , Hull No 71-A. 

2 "Specifications for Structural Work on Buildings,” A. S. M. E. 
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Costs of Some Metallt*rgical Plants 1 


Character of plant 

Capacity per 24 hours 

Coat 

Iron blast furnace 

300 tons of pig iron 

2000 tons of steel. . . 

1650,000 

Acid bessemer with four eupo- 

900,000 

las and hot-metal reservoir. 


Acid open hearth, ten 50-ton 

1000 tons of steel 

1,500,000 

furnaces. 


Basic open hearth, ten 50-ton 
furnaces. 

1000 tons of steel 

1,050.000 

Rolling mill 

Starting with ingots 20 in. 
Bquare, weighing about 5000 
lb., consisting of 36-in. bloom- 
ing mill and 28-in. structural 
mill. 

1.250.000 
to 

1.500.000 

Copper smelting and convert- 
ing. 

Partial pyritio smelting of 
1000 tons of ore to 100 tons 
of 45 per cent, matte. 

1,250,000 

Lead smelting 

500 tons of mixed lead ore. 

250,000 

Parkes desilverizing 

100 tons of lead bullion . . 

250,000 

Moebius electrolytic parting. . . 

30,000 oz. of dor6 bullion 

20,000 

Electrolytic copper refining, 
multiple process. 

100 tons of copper, from pig to 
wire bars. 

500,000 

Zinc smelting 

100 tons of blende, not making 
sulphuric acid. 

375,000 

Stamp milling 2 

100 tons per day 9 

50,000 

Cyaniding 2 . 

100 tons per day 

100,000 


1 Hcfman, "General Metallurgy,” p. 888. 


Cost of Metallurgical Works 
Flotation Mill Cobts 

For a 500-ton flotation plant in the western part of the United 
States, making a two mineral separation, such as lead from 
zinc, the construction cost may be set down as approximately 
$750 per ton of ore treated per day. Larger mills would cost 
less, and small ones might cost very much more. 

Sulphuric Acid Works » 

Sulphuric acid plant, to be added to zinc smeltery, cost 
in 1917, $8 per ton of H2SO4 per ton of annual capacity. As 
t he ore usually contains about 32 per cent. S, the statement also 
applies per ton of ore. 

Effectiveness of Wood Preservatives 

The relative efficiencies of certain widely used w^od pre- 
servatives were recently tested by the U. S. Department of 
Agriculture (Bull No. 227). f 

The tests were made by the Petri-dish method. TRe quali- 
ties mentioned are sufficient to stop growth in a cubic foot of 
culture medium. 
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For Fomes annosus 

Pounds 

For Fomes pinicola 

Pounds 

Coal-tar creosote: 


Coal-tar creosote: 


Fraction II 

0.14 

Fraction III 

0.08 

Sodium fluoride 

0 16 

Fraction IV 

0.08 

Cresol calcium 

0.09-0. 18| 

Fraction II 

0.09 

Coal-tar creosote: 


Sodium fluoride 

0,09 

Fraction I 

0.19 

Wood creosote 

0.13 

Fraction III 

0.20 

Coal-tar creosote: 


Zino chloride 

0.31 

Grade C 

0.14 

Coal-tar creosote, Grade C. 

0.34 

Fraction I 

0.14 

Water-gas tar distillate (Bp. 


Avenarius carbolineum 

0.19 

gr. 0.995) 

0.41 

Zinc chloride 

0.47 

Wood creosote 

0.41 

Hardwood tar 

0.47 

Hardwood tar 

0.78 

Coal-tar creosote: 


Coal-tar creosote: 


Fraction V 

4.87 

Fraction IV 

2.06 

Copperised oil 

Over 25 

6. P. F. carbolineum 

2 8 

United Gas Improve- 


Avenarius carbolineum. . . 

3.27 

ment Co., 1.07 oil . 

Over 25 

Coal-tar creosote: 


Nonesuch special . . . 

Over 25 

Fraction V 

20.59 



Copperised oil 

25.0 



United Gas Improvement 




Co., 1.07 oil 

Over 25 



Nonesuch special 

Over 25 



Sapwood antiseptic . o . . 

Over 25 





Ultimate and Elastic Strengths of Materials 1 
Metals (Kimball and Baer) 
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Pierce and Carver’s , “Tables for Engineers” See also pp. 234, 602 and 603. 


Properties of Various Metals and Alloys* 
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Properties op Aluminum and Aluminum Allots 


Alloy 

1 

Composition 

Tensile 
[ strength, lb. 

Yield point, 
lb. 

2S 

Commercial A1 

1.25 Mn 

4 % Cu; 0.5 % Mn ; 0.5 % Mg 
4.5 Cu; 0 8 Mn; 0.8 Si 

0 6 Mg; 1.0 Si 

4 Cu; 0 6 Mn; 0 5 Mg; Si, 
1.25 

4 Cu; 2 Ni; 1.5 Mg 
as above 
as above * 

as above 

12,000- 16,000 

15.000- 18,000 

25.000- 35,000 

23.000- 35,000 
14,000 19,000 

25.000- 35,000 

30.000- 40,000 
55,1)00-63,000 

55.000- 63,0001 

45.000- 50,000 

4,000- 7,000 

7,000 10,000 
7,000 12,000 

4.000- 6,000 

7.000- 10,000 
25,000 

30.000- 40,000 

30.000- 40,000 

30.000- 40,000 

3S 

17S (a) 

258 

518 

Spec. 178 

Y 

J7S (6) 

25S lb) 

5 IS (b) 


(a) Duralumin. 

(h) neat treated, quenched and aged. 


Cement Compositions 



SiOs 

- 

* 

AI2O3 

FeaOj 

CaO 

1 

MgO 

1 

so 8 

NaKO 

Portland* . 

19-20 

4-11 

0-4 

58-67 

• 

0-4 

0-1.75 

0-3 

Ilosendale* (natural) 

27 30 

7 14 

1.80 

35.98 

18 . 00 

6 80 

Slag cement*. . 
Hydraulie2 . . 

28 . 95 

11.40 

0 54 

50.29 

2.96 

3.41 


21. GO 

3 20 

0.65 

61.00 

0.85 

0.60 

hVo - 
12 00 

, 

Grenoble* natural 2 

26.30- 

27.30 

9.30- 

12.70 


50.80- 

55.00 

0-3 00 



1 Benson a, Industrial Chemistry,” The Macmillan Company. 

2 J. Park, “Text-book of Practical Assaying.” 

3 Said to be finest natural cement m the world. 


Strength of Common Materials 1 


Material 

Ultimate strength (U) 

Tension 

Compression 

1 

Bricks, best hard .... , 

400 

12.000 

Bricks, light red 

40 

1,000 

Brickwork, common .... ... 

50 

1,000 

Brickwork, best 

300 

2,000 

Cement, Portland, 1 month old 

400 

2,000 

Cement, Portland, 1 year old 

500 

3,000 

Concrete, Portland 

200 

1,000 

Concrete, Portland, 1 year old. . 

400 

2,000 

Hemlock 

6,000 

4d)00 

Oak, white 

10,000 

7,000 

Pine, shortleaf yellow 

9,000 

6,000 

Pine, Georgia 

12,000 

a,ooo 

Pine, white 

7,000 

5,500 


1 Pierce and Carver’s, “Tables for Engineers.” 
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The formula is as follows: 

Per cent. 

Copper powder 83 . 8 

Iron powder 8 4 

Magnesium chloride 4.2 

Magnesium oxide 2.5 

Phosphoric anhydride .... ... 0.8 

Ammonium chloride 0.3 


The finely powdered ingredients are mixe<J together in a ball 
mill and provided they do not become moistened, keep for a 
long time. When the cement is to be used it is mixed with 
about 5 per cent, by weight of water and then should be applied 
promptly. It sets thoroughly in a few hours. (1,468,930; 
assigned to the Stackpole Carbon Co.; Sept. 25, 1923.) 


Cements for Metal Joints 



No. 1 

No. 2 

No 3 

No. 4 

Kind of bond . 

Iron to iron, iron 

Iron to iron, 
lead to lead 
and lead to 
iron 

GI^hh and 

Filling for 


to lead and lead 
to lead 

metal 

holeB and 
cracks in 
metal cast- 

Composition of 

Red iron oxide 

Red iron oxide, 

Litharge 

Smooth On 

cement 

free from silica, 
5 parts and 
boiled linseed 
oil, 1 part 

2>£ parts; ba- 
rium sulphate, 
parts and 
boiled linseed 
oil, 1 part 

and 

glycerine 

MTg. Co. 

How made . 

Mix oil into iron 
oxide 

Mix oil into 
powder and to 
a thick dough 

Mix to a 
thick 
cream 

Proprietary 

How applied 

Paste 

Brush 

As directed 

Application. . . . 

Hydrofluoric 

’ Hydrofluoric 

Steam and 

Steam, oil 
and alka- 
lies 

acid; sulphuric 
acid 

acid; sulphur- 
ic acid 

oil 

Suitable range 
of temperature. 

0 to 500° F. 

0 to 500° F. 

0 to 400°F. 



Glue. — While various grades* require different amounts of 
water, in mixing a new and untried glue it is a safe rule to cover 
the broken glue with water and allow it to stand; if the glue 
while cold absorbs all the water, cover again and allow to stand. 
The glue should be allowed to absorb water for at least 2 hr. 
before melting. The old rule about using glue at the boiling 
point is wrong. It was shown conclusively during the War that 
the best temperature for use was 140°F. and that the glue should 
never be heated over 150°F. Glue which has been # heated* 
over 8 hr. is no longer first class and glue that has been melted, 
cooled, and remelted is not so strong as that which has only 
been melted once; therefore, small batches of glue are advisable. 
The wood should be dry and warm, and a glue room should b0 
as warm and humid as working conditions will allow. 
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GENERAL METALLURGY 


PROCESSES KNOWN BY THEIR INVENTORS* OR BY 
NON-DESCRIPTIVE NAMES 

Aczolling. — The treatment of timber with a mixture of metal- 
lic ammoniates with an antiseptic acid (derivative of phenol or 
naphthalene). 

Augustin process for silver extraction consists of chloridizing- 
roasting; leaching with hot solutions of common salt in wooden 
vats; precipitating the silver on copper and casting into silver 
bars; precipitating the copper on scrap iron and casting it into 
shot to be used again. 

Bessemer Process. — The production of steel by blowing air 
through molten pig iron. Also, by analogy, the enrichment of 
copper matte by blowing air through it when molten. See 
Converting. 

Betts Lead Refining Process. — An electrolytic process using 
PbSiFfi acidulated with H 2 8iF 6 as the electrolyte. 

Boss process for silver extraction is a continuous pan-amal- 
gamation process. 

Bradley Process for Manganese Recovery. — Iron-manganese 
ore in leached with ammonium sulphate solution giving manga- 
nese sulphate and ammonia; the manganese is later precipi- 
tated with this same ammonia and the precipitate oxidized with 
air to fix it. To date, September, 1929, details of the process 
are extremely hazy. 

Byers Process for Wrought Iron. — The process was developed 
by Dr. James Ashton. Pig iron is melted in a cupola; refined 
in a converter and then poured into a bath of slag, the pouring 
and the gases liberated shotting the metal and covering the 
small particles with slag. The excess slag is poured off ana the 
spongy mass remaining is passed through a blooming mill. 

Calorizing. — A system of protecting metals against corrosion. 
The metal pieces to be protected are placed in a rotary retort 
and heated to a high temperature in a reducing atmosphere 
Vith a fixture containing aluminum. Calorized iron and steel 
is unaffected by sulphureted hydrogen, sulphur dioxide, sul- 
phur "vapor and the various gases and vapors of oil refinery 
practice. 

Working results in a pressure-still drum cracking Mid-Conti- 
nent crude were: 
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• 

• Lose in lb. per 

Material exposed 4 months aq. ft. of 

. surface 

Calonzed steel 0 . 013 

Calorized steel 0 . 004 

Steel plate 0.502 

Steel plate 0.390 

Tank steel 0.412 

70-30 brass .... 0.126 

70 Cu, 29 Zn, 1 Sn 9.090 

60 Cu, 38.2 Zn, 1.2 Sn 0.056 

Cupronickel, 36 Cu, 60 Ni, 4 Fc 1.204 

Alloy No. 4 0.106 

Alloy No. 9 0 170 

Alloy No. 136 0.159 


Converting. — The process invented by Pierre Manh^s 
in which air is blown through molten copper matte in the pres- 
ence of free silica. The iron is oxidized to FeO which forms 
a slag with the silica; the sulphur is oxidized and goes off as 
SG 2 . After the iron is practically oxidized, copper is formed 
thus: 

Cu 2 S + 30 = Cu 2 0 + SQe 
2Cu 2 0 -f- Cu 2 S = 6Cu -f S0 2 . 

Also applied to the Bessemer process of steel manufacture. 

Coslettizing. — A method, of rust-proofing by means of 
phosphatic coatings. Ferrous phosphate was made by mixing 
iron filings with concentrated H 3 P0 4 sufficient to form a semi- 
fluid paste. This was added to weak boiling phosphoric acid. 
Iron or steel articles boiled in this for 3 or 4 hr. acquired a rust- 
resisting coating of basic ferrous phosphate. See also Parkeriz- 
ing, p. 611. 

Diehl Process. — A modification of the cyanide process in 
which cyanogen bromide is 'added to the leaching solution 

Dumoulin Process. — Copper is deposited on a rotating hvan- 
drel and this copper is later stripped off as a long strip, which 
is then drawn into wire without recasting. 

Elmore Process. — A flotation process. See Flotation for full 
description. • 

Estelle Process. — An elec trcfly tic-iron method based on its 
deposition from a suspension of its hydroxide in strong hot 
caustic soda. 

Eustis Process. — Produces iron from pyrrho tite by dissolving 
the iron in ferric chloride solution and depositing the iron 
electrolytically. The sulphur is left as a residue which is 
filtered off and recovered. 

Gutzkow’s Process.— A modification of the sulphuric-acid 
parting process for bullion containing large amounts o& copper* 
A large excess of acid is used ; the silver sulphate is then reduced 
with charcoal or, in the original process, ferrous sulphate. 

Harris Process. — Refining of lead by removal of* arsenic, 
antimony and tin as sodium salts. The lead is treated whfle 
molten with air and molted sodium hydroxide. 



610 METALLURGISTS AND CHEMISTS’ HANDBOOK 

Hayden Process. — For copper refining. There is but one 
true cathode and one anode in the tank, a large number of 
plates of unrefined copper being placed between and parallel 
to them. The side of each plate toward the cathode then 
acts as anode, while copper is deposited on the side of each 
plate toward the anode, until the entire plate has moved over 
by the amount of its own thickness. This is the so-called series 
method of refining. 

HSpfner Process. — Copper Recovery. A solution of cuprous 
chloride in sodium'or calcium chloride is used to dissolve copper 
sulphides. The solution is then electrolyzed in tanks with 
diaphragms. The anodes are cropper, the cathodes pure copper. 
Copper is deposited from the cuprous-chloride solution, and 
curpic chloride regenerated. 

Hunt’s Process. — Devised by Bertram Hunt for treating 
precious metal ores containing copper or zinc, using an ammoni- 
acal cyanide solution and recovering ammonia by boiling. 
Process may more truly be said to have been devised and 
perfected by Moshek. 

Hunt & Douglas Process. — Consists in roasting matte carry- 
ing copper, lead, ,gold and silver at a very low temperature, 
forming copper sulphate and oxide but not silver sulphate. 
This product is leached with dilute sulphuric acid for copper. 
The resulting solution is treated with calcium chloride and the 
copper precipitated as subchloride by passing SO-, through the 
solution. The cuprous chloride was then reduced to cuprous 
oxide by milk of lime, regenerating calcium chloride, and the 
cuprous oxide was smelted. 

Kiss Process. — About the same as the Patera process 
(which see below) except, that calcium hyposulphite was used 
for leaching the ore, and calcium polysulphide for precipitating 
the silver. « 

LeBlanc process for soda making 

2NaCl + II 2 S() 4 = Na 2 SC) 4 + 2TIC1 
Na 2 S0 4 “h 2C = Na 2 S -1- 2C0 2 
Na 2 S + CaCO* = Na 2 00 3 + CaS 

Lohmannizing. — A process by which a protective zinc coat- 
ing is amalgamated to the base-metal sheet. Details of the 
process not made public. 

Luce-Rozan Process (in Lead-refining). — A modification of the 
Pattinson process in which strain in used for stirring the molten 
lead, and the enriched lead is tapped out from the bottom of the 
kettles, leaving the impoverished crystals on a perforated plate. 

MacArthur-Forrest Cyanide Process. — The original success- 
ful corrjmercial process. 

Marriner Process. — A modification of the cyanide process 
in which the ore is dead roasted, all of it ground to slime, and 
the resulting product treated by agitation. 

• Miller process of parting gold and silver by conducting 
chlorine gas into the molten metal. The silver and other 
base metals are ehloridized and come to the top of the bath. 
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Moebius Process. — For parting: 'gold and silver. The 
electrolyte is silver nitrate with a little nitric acid. In the 
original process the silver was deposited on an endless mov- 
ing silver belt, from which it was constantly removed by 
revolving brushes. 

Murex Process. — See under “Flotation,” p. 505. 

Nitriding. — A process of hardening steel with ammonia gas. 
The steels contain aluminum (about 1 per cent.), and pref- 
erably 1 per cent. Cr and 1 per cent. Mo and are exposed to 
ammonia gas at temperatures ranging from 950 to 1100°F. 
It should be noted that the aluminum is present as metal in 
the alloy. Nickeling to not less than 0.05 in. in thickness, or 
tinning is used to protect parts of the surface that are not be 
nitrided. Nitriding for 90 hr. produces a case hardening about 
0.031 in. deep and will increase the Brinnell from 350 to 
1 , 000 . 

Norton Process. — A method owned by the Aluminum Co. 
of America for the prevention of corrosion of light alloys. 

Parkes Process. — Lead refining by the addition of zinc to 
molten argentiferous lead. The zinc and silver rise to the 
surface of the bath as a scum, which is tjien taken off and 
afterward distilled to drive off the zinc. 

Parkerizing. — A modification of the Ooslettizing process in 
which one fourth of the ferrous phosphate is oxidized to ferric 
phosphate by Mn0 2 . 

Patera process consists in a chlorizing-roasting; leaching with 
water to remove base metals (some silver is dissolved and must 
be recovered); leaching with sodium hyposulphite for silver; 
precipitation of silver by sodium sulphide. The process was 
first carried out. by von Patera at, Joachimsthal. 

Patio process is one for the recovery of silver by amalgama- 
tion in low heaps with the aid of salt and copper sulphate 
{magistral) . Thorough mixing is obtained in the usual form 
by having horses or oxen tread the mass. 

Pattinson Process. — Recovery of the silver from argentif- 
erous lead by fractional crystallization of lead crystals out of 
a silver-lead eutectic. Seldom used now except in conjunction 
with the Parkes process ( q.v .).. # 

Peirce-Smith Basic-converting Process.- — Converting copper 
matte in a magnesite-lined converter. The iron of the matte 
is fluxed by silica added before the process begins. 

Pelatan-Clerici process is a continuous process of dissolv- 
ing silver or gold in cyanide solution and simultaneously pre- 
cipitating the precious metals in mercury in the same vessel, 
an electrical current assisting precipitation. 

Powellizing. — A process of wood treatment consisting in 
impregnating the wood with a saccharin solution. It hardens 
the wood, and appears to fireproof it somewhat. 

Randolph Process. — A modification of the series process of 
copper refining in which the electrodes lie horizontally, the t<jp 
surface of each one acting as anode, the lower as cathode. 
Theoretically it has the advantage of extremely low metal 
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losses and great purity o'f copper. Practically, it is too difficult 
to right matters in a tank after a short circuit. See Hayden 
series and Smith processes. 

Reese River Process. — Pan amalgamation with previous 
roasting. 

Rozan Process (Ltjce-Rozan process). — Patt^nsonizing with 
steam. 

Russell Process. — About the same as the Patera ( q.v .) 
except that cuprous-sodium hyposulphite is used in addition to 
the sodium hyposifiphite. 

Series Copper-refining Process. — See Hayden, Smith and 
Randolph processes. 

Sherardizing. — A galvanizing process in which the metal to be 
coated is heated, with or without tumbling, in contact with zinc 
dust. Blue powder or manufactured dust may be used for the 
source of the zinc. 

Siemens & Halske Method of Copper Recovery. — Copper 
sulphides are dissolved by solutions of ferric sulphate con- 
taining free sulphuric acid. 

(H 2 S0 4 ) + Cu 2 S + 2Fe 2 (S04) 3 = 2CuS0 4 + 4FeS0 4 + (H 2 S0 4 ) 
The solution is thqn electrolyzed in a tank having a diaphragm. 
Copper is deposited and ferric sulphate regenerated. 

Siemens-Martin Process. — The production of steel in a 
reverberatory furnace by oxidation of the impurities by oxides 
added (either the rust on scrap, or mill scale, or pure ores). 
It may be conducted either on an acid or a basic lining. 

Smith Process. — A variation of the series system of copper 
refining in which the plates are placed horizontally, the top 
surface of each one acting as cathode, the lower as anode. 
Linen diaphragms must be placed between the plates to catch 
the slimes. These diaphragms break and allow the slimes to 
drop on the cathode, and it is impossible to remedy any short 
circuits in the tank without dismantling the tank. 

Solvay Process for Soda Manufacture. 

NaCl + HNH 4 C0 3 = HNaCOa + NH 4 C1 

2NH 4 C1 + MgO = MgCla + 2NH 8 + H 2 0 
< 2HNaCOs = Na 2 C0 3 -f C0 2 + H 2 0 

co 2 + nh 3 -f h 2 o = iinh 4 co 3 . 

Spellerizing. — Subjecting the heated bloom to the action of 
foils having regularly shaped projections on their working 
surface, then subjecting the bloom while still hot to the action 
of smooth-faced rolls. The surface working is said to give a 
dense texture to pipe made from the bloom, adapting it to 
resist corrosion. 

Thon\as-Gilchrist Process. — Bessemerizing (q.v.) pig iron 
high in phosphorus and low in S; in a converter lined with cal- 
cined dolomite* The slags formed consist of a basic calcium 
phosphate which is? used for fertilizer. 

<Thum-Balbach Process. — A silver-refining process using car- 
bon cathodes, dor<5 anodes and a silver nitrate nitric-acid 
electrolyte. The silver is scraped off the bottom as crystals. 
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Tredinnick Process. — A modification of t£e Luce-Rozan 
process ( q.v .) in which the kettles were mounted on hydraulic 
rams. 

Udylite Process. — Rust-proofing by the electrolytic applica - 
tion of cadmium. 

Waelz Process. — Residues or ores carrying lead and zinc 
are mixed wit^i fuel and crushed, then fed into a kiln after 
preheating, the kiln being externally fired. The zinc is first 
reduced and volatilized, then burned and recovered in a Cottrell 
apparatus. 

Washoe Process for Silver Extraction.-^-Consisted in wet 
crushing and pan amalgamation without previous roasting. 
Named for the district in which it was first carried on. 

Weldon’s Process for Making Chlorine. 

Mn0 2 + 4HC1 = MnCl 2 + 2H a O + Cl 2 

MnCl 2 + Ca(OII) 2 = Mn(OH) 2 + CaCl 2 

Mn(OH) 2 ■+■ Ca(OH) 2 + O(from air) = CaMnOs + 2H 2 0 

2Mn(OH) 2 + Ca(OH) 2 + 20 = CaMn 2 (>5 + 3H 2 0 

CaMnOa + 6HC1 = CaCl 2 + MnCl 2 + 3H 2 0 + Cl 2 

CaMn 2 0 6 + 10HC1 = CaCl 2 + 2MnCl 2 + 5H 2 0 + 2C1 2 

Wohlwill Process. — A process of gold refining, using impure 
gold bullion as anodes and sheet gold cathodes in a solution 
carrying 25-30 oz. of gold and 25-30 oz. free HC1 (sp. gr. 1.19) 
per cu. ft. If the anodes contain lead some H 2 S0 4 is added. 
The current density is about 100 amp. per sq. ft., the potential 
1 volt. The tanks usually used are porcelain. Platinum and 
the allied metals remain in the electrolyte, the silver settles out 
as chloride. 

Z-D Process. — One for prevention of corrosion of light alloys 
by coating the metal with an aqueous solution of sodium sili- 
cate, which is then baked on. 

Ziervogel Process. — Thte consisted in smelting ore to an 
argentiferous matte; concentrating the matte to 60 or 70 per 
cent. Cu; grinding; roasting under such conditions of tempera- 
ture control as to decompose the copper sulphate while leaving 
the silver sulphate undecomposed; leaching out the silver with 
water, precipitating the silver and recovering it; smelting the 
residues for copper bottoms, from which the gold can be 
recovered. 


Alloys 

In general, the thermal expansions of alloys do not differ 
greatly from the values calculated from the expansion coeffici- 
ents and volume percentages of their constituents. The 
tendency is, however, for the change to be less than the calcu- 
lated amount. • 

The electrical resistances of binary alloys are greater than the 
resistance of either constituent. The resistivity of a binary 
alloy is usually further increased by any third element entering 
into solid solution. 

(Continued on p. 656) 
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A1 solder, Mourey’a 2.00 94.00 A1 4.0 

A1 solder, Mourey’s 8.00 80.00 A1 12.0 

A1 solder, Richards’ 25.00 71.50 A1 3.5 

A1 solder, Wegner and Guhr’s 20.00 80.00 

A1 solder, Wilmott’s 1 86. 00 Bi 14.0 
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A1 87.0 

Also with 3 Cu replacing 3 Sb 

'Also 4.7 : 74 : 11.8 : 9.5 

ja 

OQ 

4 50 

6 00 

6 00 

7 00 
3,00 

8 90 

7 00 
7.30 
7.00 
7.50 

11.10 

11.00 
10 00 
12 00 

12.50 
10 00 

15.50 

17.00 
15 00 

15.00 

18.00 
26.00 
24.30 

7.20 

24.00 
15.10 
19.70 

11.00 
22.00 

Pb 


o ■ • - 



d 

00 

... 5.00 
. . 91.00 
. . . 91.00 
. . . 90.00 
. . . 90.00 
. . . 90.00 

. . . 89.30 
... 89 00 
. 89 00 
.. 87. 00: 

. 85.00, 
83.30, 

. . . 83 00| 

. . 82 00. 
82.00' 

. 8i oo; 
80 00 

... 76 . 70j 

... 76. 00 1 
... 75.00! 
... 74.00 
... 73.00! 

. . . 72.00' 
... 71. 80i 

... 71.40 
... 71.00 
... 70.80 
... 70.70 
... 67.00 
. . . 67.00 

d 

N 



Cu 

8 00 

4 50 

3.00 

4 00 

3 00 

2.00 

1.80 

4 00 
3.70 
6.00 

7.50 

5.50 

6.00 

8 00 

6 00 

6 50 
10 00 
7.80 

7.00 
10.00 
11.00 

9 00 

2 00 
3.85 

21.40 

5.00 
4.90 

9.50 
22.00 
11.00 





■ • ... 

Bearing, Krupps 

Bearing, Navy 

Bearing, Prussian 

Bearing, Prussian 

Bearing, English R R . . 
Bearing, Russian Ry . . . 

Bearing, Am. auto 

Bearing, Am. auto 

Bearing, Navy 

Bearing, Am. auto 

Bearing, heavy 

Bearing, French car. . 

Bearing, Germ. Ry 

Bearing, Valve rods .. 
Bearing, French Ry . . 
Bearing, piston . ... 

Bearing. Swiss Rv 

Bearing, English 

Bearing, German 

Bearing 

Bearing, Prussian 

Bearing, Prussian 

Bearing, Prussian 

Bearing, Ger. Ludenscheid 

Bearing, Kamarsch 

Bearing, valve packing 

Bearing, German 

Bearing, Kamarsch 

Bearing, G. W. Ry 

Bearing, French Ry 
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Bearing, Am. csJ^s 75.00 5.00 20 00 

Bearing, locomotive 74.50 8.90 9.50! 7.10 Also 74:9: 10:7 

Bearing, loco, durable 73.50 9.50 9.50i 7.50 Fe 0.5 

Bearing, loco, piston 74.10 22.20 3.701 


Alloys. Continued 


622 METALLURGISTS AND CHEMISTS’ HANDBOOK 


0) O 

° . ° bc»0 ^ ^ 

COCO CO g *-( 00 C1 Q 
O V Q) &!** &!**•£ 


888 88&'£58 8 88 388 8£ 


3 0 0 (MOC-C*f O 


O T| bj h c r °cccca S '.2 3 ’’eS 

H g 5 go S j3 J? JS JS J* jrf — §>,« 


■g aj 1 ^ ^ 5 

w O g sj s E 


_ 2 8c 5 B fl f 

u « cj at 0 a: a) "3 "53 "55 "S3 "3 "S3 "53 S3 53 532 2 o! . 5 . Ss C *- 

pqpQpQpQpqpq pQcQsQpqpqpq pqpqpqpqpcq «««««« 


GENERAL METALLURGY 


623 


« COCO^ 

o 

a aaS 


g ~ -hD 3 o 

■a 

08 .. . 3 © « 

00 _ 00 M inoffl ' IO © 

NO°.^ 0 ^ ^OOOciQ 
hmnmcoo Ococci-ieo^ 


CI<N OOM CO CO CO CD ^ 


%%%%££ £?,?,zxa gg ou 66 <- 


888883 Sgggg . 


•8 888888 8888 


© v a> ® a> ” 


SgS §52 

"bO-P J 3 J 3 
S 33333 


-m-s > 

■£ & bC 55 t S3 


g fl a a a h 

OOOOB 3 

= c c c « 5 
jn m jo m P^J ' 
« fc <3 fc O ° 


0 )J 3 J 3 o 


Eggs g j mill ISl?|g g g § g 1 1 

pqpQpqcQPQCQ cSSSSfflw mmcQ«tfi« 



Allots. Continued 


t 

624 METALLURGISTS AND CHEMISTS’ HANDBOOK 



"Commercial bronze" 

Also 63.5:35.5:1 

See "Biddery” p. 622. 

Forbes metal 45.5:53.5 

AIbo 57 9:36.8:5.3 

See ‘‘Gnettier’s metal" 

AIbo 63.0:35.6:1.40 

Also Cu 93:Zn 7 

Also 68:32 and 70:30 
"Commercial" 63:37 

Deep drawing 70:30 

Also 57:43 

Mn 4.5 

Also Cu 80; Zn 20 
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80 00 

9 87 
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30.00 

22.00 

2 00 

35.00 
33.33 

35.50 

13 00 

29 30 

33.00 
35.07 

32.00 

37.00 

32.75 

12.00 

40.00 

42.00 

15.00 

6 

90.00 

65.50 

89.50 

43.00 
61.12 
58.71 

63 88 

20.00 
89 75 
66 67 
62.00 

62.50 

61 00 
62.00 
78 00 

95.00 
63. CO 
66.67 

62.00 

84.00 
70.30 
66 00 

64.50 
68 00 

61 50 
65.75 
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53 50 
84 63 
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Zip 

button, Bristol 

button, gold 

button, Jackson’s 

button, Ludenscheidt .... 

cap gilding . ... 

cartridge 

check .... 

clock 

collet 

com’l. casting 

cymbal .... 

diaphragm.. 

door plate 

drawing 

drill rod 

electrical castings 

English 

engravers 

escutcheon pin 

eyelet 

fan blades 

flush plate 

fob metal 

forgings 

forging, Russian 
fourdrinier wire. . 

!! 
PQ PC 

Brass 

Brass, 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Brass 

Blass, 

Brass 

Brass 

Brass 

Brass 
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Germifti silve% bearings ..I'.!. 50 00 ........ 25.b6\' '. 25 00 Used also for Vienna tableware 

German silver, drawing 58 66 29 33 i. 12.00 

German silver, casting 55 80 23.30 4.00 3 50 13.40 

German silver, casting 69 90 5.60 ... .1 19.80 Cd4 7 
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Also 50:31.30:18.70 and 50:30:20 
Also 65:22:12:1 

Abo 56 5:28: 15:0 5 

Also 54.0:27 5:0.5:18 

Also 55.27:18 

See also under trade names 

Also 51 4.22 32.26 22 

Also 59 5:22.5:18 

Also 547:37.2:17.1 

Also 57.4:26.5:3.0:13 

Also 65: 22- 1:12 

Also 53-23-2.2 2 

Also 45:45.10 
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Also Au 74.6; Ag 11.4; Cd 4 3; Cd 4 3; Cu 9.7 

Cd 12.60 Also 75:16.67:8.33 

Pd 10; “white gold” 

Dark red is 50-50 

Pd 10; also Au 75-85; Ni 10-18; Zn 2-9 

Also Au 91 67; Fe 8 33 

Also 8.33:75.00:16.67 

14 k. solder is 16.67:50 0:33 33 

Brass 6.1 

Brass 0.6 

Sb 

: : . 

Pb 
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23.40 
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13.75 

Gold, green 

Gold, green 

Gold, palladium 

Gold, red 

Gold, white 

Gold, yellow 

Gold, yellow, pale 

Gold solder, 18k 

Gold solder, 16 k 

Gold solder, 12 k .... 

Gold solder, 10 k 

Gold solder, 8 k 

Gold solder, best 

Gold solder, easy melt 
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Mannheim gold . . 89 20 9 92 0 62 

Mannheim gold 83 70 9 30 7 00 PSn 5 0 

Mannheim gold . .88 00 12.00 Also 80:20 (Prince’s metal) 

Marsh’s Patent alloy . , Cr 25, Ni 75; resistance 

Marties’ non-oxidizable 17 00 18 00 [10 00 . . Fe 10, Ni 35 
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Wire and Sheet Metal Gages Compared 1 



‘From Rentes 44 Mechanical Engineer's Pocket Book/’ 8th Edition *p- 
30; and "American Machinist," p 931. Dec. 5, 1912. The moral of the 
above tabic is to spticify wire by mills ana not by gages. See p. 684 for sheet- 
zinc gage. 
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# 

(Continued from page 613) 

The temperature coefficient of electrical resistance is usually 
much less than for either component, and is usually at a mini- 
mum at the composition of highest specific resistance. 

When two metals form a continuous series of solid solutions, 
the hardness of each is increased by the other, the alloy of 
maximum hardness usually containing about 50 atoms per cent, 
of each metal. In the case of limited solubility, the tendency 
is for the hardness to increase with the concentration of the 
solute in solution. 1 

In general, the plasticity decreases by the presence of a solute 
in solid solution. 

Note. — The “ solvent ” in an alloy that is a solid solution 
is that metal whose space lattice persists in the solid solution. 
The “solute ” is the other. This criterion fails when two metals 
having the same type of space-lattice form a continuous series 
of solid solutions. The solvent may then be arbitrarily defined 
as that element the concentration of which in the solution 
exceeds 50 atoms per cent. 

Gaseous Alloys are in general stable only at low temperatures 
and pressures. This is shown, according to H. von Wartenberg 
( Journ . Soc. Chew,, Ind,., Nov. 16, 1914), by a consideration of 
Neknst’s heat theorem and Trouton’s rule. A determination 
of its heat of formation showed that MgZn 2 exists at 600°C., 
and vapor density determinations that it is dissociated at 
1300°C. The vapor tensions of sodium and of Na a Hg were 
measured at 444 °C., and the stability of Na a Hg at 380° and 
444°C. demonstrated by distillation. 

Unstable Alloy s* 

The following metals do not form stable alloys within the 
limits mentioned, i.e., if a mixture Containing percentages of the 
materials lying between the critical points is heated, there may 
be (though not always) an alloy produced at the time, but 
there will be segregation on standing. 


Temperature 


650°C. 

Between, 

800°C. 

Between, 

650°C. 

Between. 

750°C. 

Between. 

800°C. 

Between. 


Zina-lead alloys 


/Pb = 98.76 , /Pb 

\Zn = 1 . 24 and \ Zn 
/ Pb - 98.70 _« / Pb 

\Zn = 1.30 and \Zn 


1.14 

98.86 

1.57 

98.43 


/Bi 
1 Zn 
/Bi 
1 Zn 
/ Bi 
\ Zn 


Bismuth-zinc alloys 


= 85.72 
= 14.28 
= 84.82 
= 15.18 
= 84.17 
= 15.83 


and 

and 

and 


/Bi = 2.32 
1 Zn = 97.68 
/Bi = 2.47 
1 Zn = 97.53 
/Bi = 2.52 
\Zn = 97.48 


1 Jeffries and Archer, Ckem. Met. Eng., Nov. 26, 1023. 

2 Robert* s-Adsten, “Introduction to the Study of Metallurgy ” 
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Temperature Lead-aluminum alloys 


800°C. 

Between 

/Pb « 99 . 93 j 
'■ 1 A1 = 0.07 and ' 

fPb - 1.91 
LAI =98.09 



Bismuth-alumium alloys 

800°C. 

Between 

/ Bi = 99.72 . 

" 1 A1 = 0.28 and 

f Bi = 2.02 
\ A1 = 97.98 



Cadmium-aluminum alloys 

760°C. 

Between 

/ Cd = 99.78. . 
•\A1 = 0 . 22 and 

/Cd= 3.39 
\A1 = 96.61 


Alloys 


Admiralty Metal, Government bronze, gun metal or Navy 
Dept, composition is about 88 Cu, 10 Sn, and 2 Zn. Accord- 
ing to Staley and Karr (Bull. A.I.M.E . , Sept. 1919) the most 
satisfactory alloy of about this composition is 90 Cu, 6.5 Sn, 
0.5 Pb, 3 Zn. Proportional limit 12,200 ± 650 lb. per sq. in.; 
tensile strength, 40,700 ± 1500 lb. per sq. in.; elongation in 
2 in., 37.6 ± 6.4 per cent.; and reduction in area 34.1 ± 4.5 
per cent. Lead over M per cent. Pb substituted for zinc or 
tin has undesirable effects as docs over 2 par cent, of Zn sub- 
stituted for tin. The pouring temperature should be about 
1100°C. 

Adnic (Admiralty Nickel). — 70 per cent. Cu; 29 Ni: 1 per 
cent. Sn. Especially valuable for diaphragms. Ultimate 
tensile, 69,000 — 131,000 lb. per sq. in. Good resistance to 
caustic soda, salt spray, sulphuric acid, and solutions containing 
chlorine. 

Physical Properties of Adnic 
(}£ In. Hard Rod) 


Modulus of elasticity, lb. per sq. in. 

Elastic limit, lb. per sq. in.* 

Yield point, lb. per sq. in 

Tensile strength, lb. per sq. in 

Elongation in 2 in., per cent 

Reduction in area, per cent 

Scleroscopic hardness (U. Hammer). . . . 
Coefficient of thermal expansion, per °C 
Electrical resistivity at 20°C., ohms. . . . 

Melting point, °C 

Density at 20°C. (68°F.), lb. per cu. in. 


21,300,000 

85,000 

107,000 

113,200 

10 

56 ^ 

3JL 

0.0000163 

256 

1,205 

0.3214 


Physical Properties of Adnic 

1 In. Hot-rolled Hex. Rod 

Tensile strength, lb. per sq. in 64,500 

Elastic limit, lb. per sq. in 30,500 

Yield-point, lb. per sq. in * 35,600 

Reduction in area on H in. dia. cross-section, per cent. 72.2 
Elongation in 2 in., per cent » . . . . d 46 

Alcumite. — A non-ferrous alloy, for use in the construction 
of equipment has been placed on the market by the Duriron 
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Co. This alloy is said to be resistant to sulphuric acid under 
60° B6., sulphurous acid, phosphoric acid, weak solutions of 
hydrochloric acid and a large number of sulphates and chlo- 
rides, fatty acids and fruit juices. 

The melting point of this alloy is approximately 1900°F., and 
up to 1600° it remains tough, strong and ductile. The ultimate 
tensile strength of the rolled material is about 100,000 lb. per 
sq. in., the ductility depending on the heat treatment applied. 
Castings have a tensile strength of approximately 75,000 lb. per 
sq. in. with about 25 per cent, elongation. The metal is said 
to machine readily. Composition, Cu 87.5; A1 7.5; Fe 3.3; bal 
Ni. 

Allegheny Metal. — A product of the Allegheny Steel Co. 
apparently a chromium-steel or iron, but no analyses are given. 

Alpax. — A high-silicon aluminum alloy, invented by Dr. 
Pacz. The high-silicon alloys have not as high tensile strength 
as have duralumin and some of the Al:Cu alloys but they have 
a low contraction on freezing and can be used to produce 
castings that cannot be made in other materials. 

Aluminum. — Aluminum containing 0.05 to 0.20 per cent, of 
Ce is more resistant to corrosion than aluminum itself. 

Aluminum alloys for automobile work (Society of Automotive 
Engineers Specifications 30, 31, 32). Where a light, tough 
alloy is needed, Al, not under 90 per cent., Cu from 7.0 to 8.5 
per cent. Total impurities shall not exceed 1.7 per cent., of 
which not over 0.2 per cent, shall be zinc. No other impurities 
are allowable than C, Si, Fe, Zn and Mn. For a mixture possess- 
ing strength and closeness of grain that can be cast solid and 
free from blowholes, Al, not under 80 per cent.; Zn, not over 
15 per cent.; Cu, 2-3 per cent.; Mn, not over 0.4 per cent. 
Total impurities shall not exceed 1.65 per cent., of which not 
over 0.5 per cent, shall be Si, nor, over 1.0 per cent. Fe, nor 
over 0.15 per cent. Pb. For a cheap casting not subject to 
great strains (flat plates, foot-boards, etc.) use Al, 65 per cent.; 
Zn, 33 per cent. 

Aluminum Alloys for Zeppelin Construction. — Angle 
brackets, Al, 90.27 per cent.; Zn, 7.8 per cent.; Cu, 0.73 per 
cent.; traces Fe, Si, Mn, Sn. Channel sections, 88.68 per cent. 
Al; 9.1 per cent. Zn, other elements as in angle brackets. The 
braces are commercial aluminum. 

Hard Aluminum for Cooking Utensils, Mn, 1.2 -1.5 per cent. 
“Alclad” consists of pure aluminum rolled on to aluminum 
alloy sheets, the latter to give strength, the former to give 
protection against corrosion. 

Ambrac. — A white alloy, approximately 75 Cu, 20 Ni, 5 Zn; 
a product of the American Brass Co., said to be adapted to 
hot rowing and forging as well as to cold working. It is 
said to outlast all other materials for jig screens on sulphide 
ores. The tensile strength runs from 50,000 lb. per sq. in. 
in soft sheet metal to 84,000 lb. in hard-rolled. The yield 
pSint varies from 24,000 lb. per sq. in. in soft sheet to 65,000 lb. 
m light rolled rod. 
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Physical Properties of Ambrac 


iH In. Hard Rod) 

Modulus of elasticity, lb. per sq. in 19,000,000 

Elastic limit, lb. per sq. in 75,000 

Tensile strength, lb. per sq. in. 80,000 

Elongation in 2 in., per cent 12 

Electrical resistivity at 20°C., ohms 172 

Melting point, deg. C 1,150 

Coefficient of thermal expansion, per deg. C 0.0000164 

Coefficient of thermal expansion, per deg. F. 0.0000091 

Density at 20°C. (68°F.), lb. per eu. in . 0.3194 


Ascoloy. — A 14 per cent, chrome steel, marketed by the 
Allegheny Steel Co. 

Aluminum-Zinc Alloy. — Macadamum — strong but light cast- 
ings. Patented alloy. Composition unknown. 

Auer Metal. — 35 per cent. Fe and 65 per cent, of the metal 
obtained by reducing the cerium earths (Misch metal, q.v.). 

Bismuth Alloys.— Bi, 3; Pb, 10; Sn, 5. Sticks to glass, 
melts at 170°C. See also “fusible alloys" in table, p. 633. 

Barberite. — A high-copper bronze, containing Ni and Si. 
Said to be highly resistant to sulphuric acid. Patented by 
Barber Asphalt Co. 

Biakmetal. — A variety of different alloys grouped under the 
single trade name. Biak No. 2 is an ordinary 60:40 brass 
containing a little manganese. Biak No. 3 is the same with 
Ni instead of Mn. Biak No. 4 is a high red brass containing 
both Ni and Mn. Biak No. 6, is a high-aluminum: zinc: copper 
alloy, containing a little silicon. Biak Nos. 9 and 19 arc high- 
zinc: aluminum: copper alloys such as have come into use in 
France for extruding purposes and as bearing metals. 

Britannia. — Analyses are given in the main table. The 
researches of B. Egeberg and H. B. Smith show that rolling 
softens and weakens Britannia, and where strength is important, 
the material should be cast in as thin sections as possible. 

Cadmium Solders. — The alloy Pb 32, Sn 50, Cd 18 is a eutec- 
tic with a melting point of 145°C., and is a desirable low meltin* 
point solder. (Pb 50, Sn 50 solidifies over the range 210-181 °C.) 

Calorized Metal. — See Insuluminum, below. 

Carboloy. — Tungsten carbide. Bee p. 672. 

Cerium Alloys. — The iron -cerium alloys will be found 
described at length under “pyrophoric alloys." Cerium-plati- 
num alloys have also been recommended for this purpose, while 
those with zinc and boron, because of the low temperature of 
the spark are supposed to be especially good for igniting mine 
lamps. The cerium-mercury compounds are exceedingly explo- 
sive. The cerium-iron alloys are apparently definite com- 
pounds, CeFe 2 , Ce 2 Fe 3 , Ce 2 Fc 6 . CeFe 5 is highly oxidizable. 

Chromium Alloys. — The chief chromium alloys in commercial 
use are chromax, nichrome and stellite, which see in table 
beginning p. 614. See also pp. 197 and 198. 
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The chromium-iron alloys are highly important from a corro- 
sion resistance standpoint. They may be classed as: (1) stain- 
less steels, containing sufficient carbon to confer hardening 
capacity, and requiring heat treatment for development of 
proper corrosion resistance; (2) mild stainless steels of lower 
carbon content, but possessing hardening capacity. Heat 
treatment desirable but not necessary for development of 
corrosion resistance; (3) stainless irons with over 16 per cent. 
Cr and low carbon ; (4) chrome-irons, over 20 per cent. Cr. 

The original stainless steel carried 0.30 per cent. C and 

13 per cent. Cr. The newer steels carry even up to 1.5 per cent. 
C. and 18-20 per cent. Cr. They harden by air cooling, are 
very hard but lack ductility and toughness. 

They do not soften perceptibly up to 950-1000°F. Low 
carbon: Carpaloy 2; Crucible Stainless A; Firth-Sterling type 
A; high carbon: Midvale Diamond; Firth-Sterling B; Crucible 
Stainless B; Dehli Hard; Neva-Stain. 

Mild Steels. — The composition is narrowly restricted to 12, 

14 or 15 per cent. Cr, with C less than 0.12- — rarely 0.18^0.20 
where greater hardness is desirable. It resists nitric acid, is 
very tough and strong, and resists scaling up to 1500-1600°F. 
Brinells of 352-4*14 are easily obtainable by airhardening. 
This makes it less desirable for riveting and welding than true 
stainless irons unless the work will admit of subsequent anneal- 
ing. Enduro S; Crucible Stainless 12; Ascoloy 33; Firth- 
Sterling T; Carpaloy 1; IJniloy 1409. 

Stainless Irons. — 16-20 per cent. Cr; C under 0.12 per cent. 
No hardening capacity (maximum Brinell about 200); excellent 
corrosion resistance. Very resistant to chemical corrosion. 
High silicon (around 1 per cent.) increases resistance to acids 
and to scaling; decreases resistance to alkalis. Addition of 
copper increases resistance to halpgens. Excessive tempera- 
tures must be avoided because of gram growth which cannot be 
removed except by mechanical working. Welds in stainless 
irons are likely to be brittle. (Enduro A; Defirust; Ascoloy 
66; Uniloy 1609.) 

The iron-chromium alloys are of the utmost importance in 
plants for nitric-acid manufacture by oxidation of ammonia and 
they resist mild organic acids well. 

Chrome-irons. — Cr minimum 20 per cent. Without harden- 
ing capacity. For maximum wear, C should be from 2.25- 
2.75 per cent. Maximum resistance to scaling at about 22 
per cent. Cr. Can be used for long periods at 2100°F., but if 
stresses are heavy, chrome-nickels with added silicon or tungsten 
are preferable ( Chem . Met. Eng., September, 1929). 

Cimet. — Chrome irons containing about 48 per cent. Cr. 
A corrosion-resistant alloy, particularly resistant to fruit juices 
and to hot sulphur-bearing gases. 

Cobalt Alloys.— Cobalt in brass acts much as does nickel, 
iij spite *of tjieir different influence in steel. 

An alloy of tungsten carbide and cobalt is the hardest alloy 
known. It will scratch sapphire. See also “Concl ” 
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Cobalt-Tin (40 Co, 60 Sn to 60 Co, 40 Sn). — Very resistant 
to acids, but too brittle for ordinary purposes. 

Cochrome. — A substitute for nichrome, about 60 per cent. 
Co, 12 per cent. Cr, 24 per cent. Fe ? 2 per cent. Mn. 

Conel. — Cobalt and nickel with ferro-tungsten. Exact 
proportions unknown. Grows harder when hot — a unique 
property. 

Copper-cadmium Alloy. — Copper with 1 H per cent. Cd has a 
tensile of about 80,000 lb. per sq. in. and 89 per cent, 
conductivity. 

Coinage Alloys.; — United States gold and silver coins are 
900 fine.. The Irish 3d. and 6d. pieces, and the Canadian 
5-cent piece are pure nickel. Swedish bronze coins are 95 
Cu, 4 Sn 1 Zn. Danish minor coins are 92 Cu, 6 Al, 4 Ni 
and 75 Cu, 25 Ni. The United States 5-cent piece is 75 Cu, 
25 Ni. 

Constantan. — Cu, 54.15 per cent.; Ni, 43.70; Fe, 0.435; Co, 
1.34; Cr, 0.033; S, 0.0237; P, 0.0010; Si, 0.098; C, 0.14 per cent. 
It should give an e.m.f. of 47.40 millivolts against pure iron at 
1500°F., with a cold-junction temperature of 0°F. (Bash, 
Bull. A.I.M.E., September, 1919, p. 2409.) See also table, p. 
198, for other alloys sold under this name. • 

Copper-manganese Alloys. — For turbine blades, 95 per cent. 
Cu, 5 per cent. Mn; for locomotive fire boxes and stays, Mn 
not over 4 per cent.; manganin, 12-14 per cent. Mn, 4 per cent. 
Ni, balance Cu; U. S. Navy casting alloy, 2 per cent. Mn, 3 
per cent. Cu, 95 per cent. Al. 

Corson’s Hardened Copper. — Cu, 95 per cent. ; Ni, 4 per cent. ; 
Si, 1 per cent. Is ductile and easily cold worked if quenched 
from temperatures above 750°C. 

Duraloy. — A chrome iron, 16-18 or 27-30 Cr. Corrosion 
resistant. 

Duralumin. — M erica, Waltenberg and Scott recommend 
a composition for duralumin of: Cu, 3 to 4.5 per cent.; Mg, 0.4 
to 1.0 per cent.; Mn, 0 to 0.7 per cent.; 99 per cent. Al 
(remainder). The heat treatment that they recommend is to 
preheat as close to 520°C. as furnace limitations will allow, but 
not above 520°C., holding at this temperature for 10 to 20 mite 
and quenched preferably in boiling water. For most purposes 
hardening is then best produced by ageing for about 5 days at 
100°C. If higher proportional limits and lower ductility are 
desired than can be obtained in this way, age from 2 to 4 days 
at 150°C. Duralumin should be rolled at 450°C. (Bull. A.I.M. - 
E. f June, 1919. p. 913). 

Durimet. — A nickel-silicon steel containing copper, put out 
by the Duriron Co. It may be welded, machined, cast, rolled, 
forged and fabricated. It has now been used for pickliisg tanks, 
giving an indicated life of 5 to 7 years. 

It is very resistant to sulphuric acid and samples sub- 
jected to constant agitation showed indicated penetrations 
as follows: * 
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Sulphuric acid, 2.5 per cent 0 62 0 . 043 

Sulphuric acid, 10 per cent 0.35 0.024 

Sulphuric acid, 10 per cent, cold 0.35 0.024 

Sulphuric acid, 25 per cent 0 31 0.021 

Sulphuric acid, 50 per cent 0.49 0.034 

Sulphuric acid, 60 per cent, cold 0 09 0.006 

Sulphuric acid, 95 per cent, cold 0.57 0.039 

Elianite. — A patented composition; withstands acids and 
halogens; melts at 1250°C. Probably a ferro-silicon. 

EUnvar. — Ni 36, Cr 12, Fe 52. Has low thermal expansivity 
and an invariable modulus of elasticity. 

Enduro. — 17-19 Or; 8-9 Ni; Fe about 73. Acid-resisting 
and maintains strength at high temperatures (Central Alloy 
Steel Co.). 

Everbrite. — A cupronickel alloy made by Curtis Bay Copper 
& Iron Works, Baltimore, Md. It is resistant to organic acids, 
except acetic and to alkalis. Hydrochloric acid attacks it, 
sulphuric acid less so. Most salts are without much action. 

Everdur. — Cu, 94.4 per cent.; Si, 4.5 per cent.; Mn, 1.1 
per cent, if the material is to be used for castings; Cu, 96.0 per 
cent* Si, 3 per cent.; Mil 1.0 per cent, if the material is to be 
rolled or drawn. It is corrosion resistant, particularly to 
hydrochloric acid and the chlorides. Patented by Schutte & 
Koertino. 

For comparative purposes the tensile strength of %-in. hot- 
rolled Everdur rod at elevated temperatures, determined by 
U. S. Bureau of Standards, is given below. 


Temp , dog. F. 

Ultimate lb. per 
aq. in 

Klongation in 

2 in. gage length, 
per cent. 

Reduction of area, 
per cent 

80 

72,650 

43.5 

51.0 

500 

60,200 

33.0 

67.4 

750 

35,930 

25.5 

69.4 

1,000 

14,480 

18.0 

71.4 


Thermal conductivity, B.t.u. per sq. ft. per hr., 1 in. 


thickness ...... 72.6 

Electrical resistivity, ohms per cir. mil-foot .... 186 

Coefficient of linear expansion, per deg. G 0.0000170 


Ferro-alloys. — The following brief description of the ferro- 
alloys chiefly used is condensed from The Mining Journal , 
Feb. 20f. 1915. These alloys may be grouped in two diyisions, 
those used as alloying materials and those used as deoxidizers. 

Ferro-manganese. — The alloy is chiefly used as an 80 per- 
cent. ingredient, and is employed in the Thomas, Martin, and 
electro-steef furnaces. The addition yaries from 0.5 to 1.5 
per cent, of the weight of the steel. This product is produced 



663 


GENERAL METALLURGY 

at present almost exclusively in the ordinary mass furnaces, 
and so far as ferro-manganese is concerned, the electric smelter 
has not hitherto been able to compete, the reason being simply 
that manganese is a comparatively easily smelted metal, and 
with the high temperature to be looked for in the electric 
furnace the metal would be apt to get overheated, with the risk 
of volatilization. In applying ferro-manganese, unlike ferro- 
silicon, it is heated and added to the steel bath, preferably in 
a molten condition. Apart from its deoxidizing effect, ferro- 
manganese serves directly to increase the toughness of the iron 
to a considerable degree. As silicon and manganese together 
combine in a direct deoxidizing and toughening effect, they are 
often required to be delivered in the following combinations — 
namely: Ferro-silieon — of about 25 per cent. Si content is 
usually added in the proportion of 0.3-1 per cent, of the body of 
the steel to be treated. It lias a quieting effect and is usually 
placed in the converter in the quantity desired. Ferro-man- 
ganese-silicon — in various content percentages. The usual 
association for this product is about 70 per cent, manganese and 
about 25 per cent, silicon. Silicon-aluminum — (usually known 
in commerce as “Sical”) is produced with about 52 per cent. 
Si and about 27 per cent. Al. Calcium-silicide — has usually 
about 27 per cent. Ca and about 64 per cent. Si. Calcium- 
Silicon- Aluminum.- — All these last associations (ferro-manganese 
silicon, silicon-aluminum, calcium-silicide, and calcium-silicon- 
aluminum) are employed in the Martin and electro-steel works. 
The quantity added is around 1 per cent, of the steel bath’s 
weight. The above percentages of the several metals are the 
values usually delivered, though there are a number of varia- 
tions, and the several steel works often use their own prescrip- 
tions for these combinations. Ferro-Chrome. — The above 
alloy was formerly produced entirely in mass furnaces (where, 
indeed, it is to a certain extent produced at the present time). 
Owing to similar conditions to those stated above in reference 
to the mass furnace’s connection with the ferro-silicon industry, 
one must here content oneself with a lower product percentage 
with a relatively high carbon content. Lately the demand for a 
high per cent, alloy is specially referable to ferro-chrome, fron^ 
which one may practically take it for granted that the greater 
part of the ferro-chrome at present employed in the steel 
industry is produced in electric smelters. The article is deliv- 
ered, according to the requirements of the steel works, with 
various carbon contents, from % per cent, up to 10 per cent. 
C., and around 65 per cent. Cr. Ferro-chrome is employed 
as an addition to iron in Martin, electro-steel, and crucible 
furnaces to increase the hardness of the iron. The addition 
is up to 6 per cent, of the weight of the steel under treatment. 
Ferro- wolf ram — is added to the steel bath in quantities up to 
24 per cent., and increases the cutting capacity of the steel. 
Ferro-molybdenum — operates in the same nfcmner as wolfram, 
though added in lesser quantities. The maximum addition 
is about 2 per cent. It is used for special shop tools. Ferro- 
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cobalt — has also recently been employed as an added ingredient 
in the manufacture of steel shop tools. The addition ranges up 
to about 4 per cent. Ferro- vanadium. — Besides operating as a 
deoxidizing medium this alloy has a direct effect on the steel 
bath, in that it to an unusually high degree increases the tough- 
ness of the steel. It is employed in the Martin furnace up to 
0 J2 per cent., and in electro and crucible furnaces up to 2 per 
cent. Ferro-titanium — has lately been entirely employed as a 
deoxidizing medium, especially in America in Martin furnaces, 
and in England in crucible furnaces. The main consumption is 
confined to ferro-silicon and ferro-manganese. As regards the 
second group — ferro-alloys as a pure deoxidizing medium — we 
have a number of combinations, of which the most important 
are ferro-nickel, ferro-chrome, ferro-wolfram, ferro-molybdenum 
ferro-cobalt. ferro- vanadium, ferro-manganese, and ferro-silicon. 
Ferro-nickel. — Pure nickel is used to a large extent as an addi- 
tion to the steel bath. Lately, however, there have been 
requests from the steel works that this nickel be added to the 
steel bath in the form of ferro-nickel. As a chief reason for this, 
it may be mentioned that nickel in the large steel works is often 
liable to be stolen. If, therefore, the nickel is previously 
combined with a certain quantity of iron, the metal will be of 
no value to other than just that particular steel works, and thus 
robbery is obviated. See also iron-nickel alloys, p. 666. 

Genelite. — A synthetic brass formed by reducing oxides of 
tin and copper with an excess of graphite which remams behind. 
Used as a bearing metal. Very low tensile, but good compres- 
sive strength. 

Hascrome. — A manganese-chrome-iron welding rod made by 
the Haynes Stellite Co. It is self hardening, firinell, 240 to 
500. 

Hastelloy. — A nickel-molybdenum-iron alloy made by the 
Haynes Stellite Co., and particularly resistant to hydrochloric 
acid. 

Heusler Alloys. — Copper alloys containing from 7 to 11 per 
cent, aluminum and from 20 to 10 per cent, manganese can be 
hot-rolled with the utmost ease and possess in a general way all 
mechanical properties, advantages, and disadvantages of the 
duplex aluminum bronzes. They can be heat treated in the 
same way, by quenching from a high temperature and draw- 
ing at a lower one, and rather strong alloys with 100,000 lb. 
tensile strength, 80,000 lb. yield point and 10 per cent, elonga- 
tion in 2 in. are so produced. With ternary manganese- 
aluminum bronzes, just as with the binary duplex aluminum 
bronzes, quenching brings the material to a state of a high hard- 
ness and gives it a martensitic structure. A subsequent draw- 
ing somewhere around 600°C. eliminates the internal stresses 
inherent to the martensitic form with its 270 Brinell and no 
ductility at all, and a second quenching produces an alloy that 
is strong aqd fairly ductile. 

-‘When the drawing is done within 600° to 700°C. and is 
followed by quenching, certain ternary copper-manganese- 
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aluminum alloys acquire a considerable magnetic permeability 
besides good mechanical properties. Alloys so neat treated 
are called Heusler bronzes. Undoubtedly Heusler initially 
studied the magnetic properties exclusively, and these, though 
theoretically interesting, were of no practical use. Heusler’s 
further investigations resulted in the development of ternary 
alloys combining the magnetic properties with a superior 
strength. The magnetic properties of Heusler’s alloys are 
believed to be due to the presence of the compound MngAl, 
magnetic in itself and imparting its inherent magnetism almost 
completely to the beta phase of the aluminum bronze. 1 



Mongcmese, PerCent 
Heusler alloy diagram. 

High-speed Cutting Alloy. — 55 per cent. Co; 15 per cent. Cr; 
25 per cent. W ; 5 per cent. Mo retains its edge even at red heat. 
The W can be increased to 40 per cent, giving it still higher 
temperature resistance. Over 40 per cent. W gives too brittle 
an alloy for lathe tools. 

A metallographie study of uranium high-speed steels indicates 
that the uranium tends to promote the formation of complex 
carbides. The cutting efficiency and the property of “red 
hardness” of high-speed steels is wholly dependent upon 
complex carbides. m 

High-speed Steel. — C, 0.45-0,85 per cent.; Si, tr.-0.20 per 
cent.; Mn, 0.10-0.50 per cent.; W, 8 to 18 per cent. Z Cr, 2.50- 
6.5 per cent.; Mo, 0-2.50 per cent.; V, 0-1.5 per cent.; Co, 0-5 
per cent. 

High-speed Steel (Beth. Steel Co., Paris Exposition). — C, 
0.6 per cent.; Mu, 0.2 per cent.; Si, 0.1 per cent.; Cr. 4 per cent., 
W, 18 per cent. 

Hydraulic Bronzes. — The presence of very small proportions 
of aluminum makes castings porous throughout, although they 
look solid. Iron and antimony are also detrimental. For 
cocks, pistons, bushings, etc., S. D. Sleeth recommends Cu, 

72.50 per cent.; Sn, 1.75 per cent.; Zn, 19^25 per cant.; Pb, 

6.50 per cent., for alloys for high pressures, 3000 lb. per Efep 

1 M. G. Corson: Cleveland meeting A 1927. 
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in. (See the general table, p. 638.) The bronzes Cu 82; Zn 
4.76; Sn 7.50: Pb 5.75 and Cu 83; Zn 4; Sn 11.50; Pb 1.5 are 
difficult to roll, but extremely solid. 

Inca Bronzes from Machu Picchu, Peru. — These were 
analyzed by Frank G. Moonby in the Sheffield Cheihical 
Laboratory. Compositions are erratic, running from 86.03 
Cu and 13.45 Sn up to 96.96 Cu and 2.11 Sn. 11118 last speci- 
men carried 0.81 per cent. Ag. An ax carried 0.87 per cent. 
Fe, 0.44 S (93.70 Cu, 5.01 Sn). Pure tin, pure silver, and pure 
copper were found at Machu Picchu, showing that tin was 
sometimes, at least, smelted separately. 

Insuluminum. — The name of a metal patented by the General 
Electric Co. It consists of steel given a surface impregnation 
of aluminum. When exposed to air or gases containing oxygen, 
the surface oxidizes to alumina. The resulting composition 
will resist for an indefinite time the continued action of oxygen- 
bearing gases at 1000°C. 

Invar. — Ni, 36 per cent. : C, 0.15, balance Fe. The coefficient 
of linear expansion over trie ordinary range of temperatures is 
is +0.0000025 to -0.00000005 per deg. C. 

Iron-nickel alloys do not forge readily if at all, but man- 
ganese or titanium in amounts of 2 per cent, of the nickel give 
forgeable alloys. T. D. Yensen, Trans. A.I.M.E . , January, 
1920.) 


Thermal Expansivity of Iron-nickel Alloys 


Per cent, 
nickel 

Mean coefficients 
of linear expansion 

X io« 

Per cent, 
nickel 

Mean coefficients 
of linear expansions 
X 10« 

0 

10.354 +0 00523* 

44.4 

8 508-0 00251* 

5 0 

10.529 + 0 00580* 

48.7 

9 901 -0.00067* 

19.0 

11.427+0 00362* 

50.7 

9 824+0 00243* 

26.2 

13.103 + 0 02123* 

53.2 

10.045 + 0 00031* 

27.9 

11.288 + 0 02889* 

70.3 

11.890 + 0.00387* 

28.7 

10.387 + 0 03004* 

100.0 

12.661+0 00550* 

30.4 

4 570+0 01194* 

12.2 + 1 Cr 

11.714+0 00508* 

31 4 

3.395 + 0.00885* 

16.8+1 Cr 

11.436 + 0 00170* 

34.6 

1.373 + 0 00237* 

16.2 + 2 5 Cr 

19.496 + 0 00432* 

35.6 

0.877 + 0 00127*- 

21.3 + 3 Cr 

18 180 + 0 00426* 

37.3 

3.457-0 00647* 

34.8 + 1 5 Cr 

3 580-0.00132* 

39 4 

5 357-0 00448* 

35.7+1 7 Cr 

3.373+0.00165* 

43.6 

7.992-0.00273* 

36.4 + 0.9 Cr 

4.433-0 00392 


Supplementing the above table, tables of the electrical and 
magnetic properties of iron-nickel alloys appear on pp. 668 and 
669. Invar melts at 1425°C., has a density of 8.0 grams per 
cc. and an electrical resistivity of about 80 microhm-cm. 

Ivanium. — A patented aluminum alloy (British). Melts at 
about 300°C. 

Kromore., — 85 £cr cent. Ni, 15 per cent. Cr. The specific 
resistance is. 95.9 microhms per cm. 3 at 20°C. or 577 ohms per 
mil-foot at 20°C. The temperature coefficient is 0.000242 
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ohm per deg. C. per ohm at 20°C. or 0.000134 ohm per deg. F. 
This alloy resists oxidation to a high degree and is especially 
recommended when extreme conditions are to be encountered 
such as open type heating units. Begins to freeze at about 
1438°C. (the eutectic Ni 42 per cent., Cr 58 per cent, melts at 
1290°C.). 

Kunheim Metal. — A pyrophoric alloy containing hydrides of 
the cerium earth metals with magnesium and aluminum. 

Leading-in Wire Alloy. — 46 per cent. Ni, 54 per cent. Fe, 
with a sheath of copper. Copper has a higher coefficient of 
expansion than has glass; ferro-nickel has a lower one. A 
combination of the two has practically the same. 

Macadamum. — An aluminum-zinc alloy. 

Magnet Alloy. — Steel alloys suitable for permanent magnets 
and other purposes are made by alloying with carbon steel, 
containing about 0.25 to 1.5 per cent, of carbon, about 5 to 19 
per cent, of cobalt. Tungsten (or vanadium or molybdenum) 
or chromium, nickel and tungsten (or vanadium or molyb- 
denum) may also be added, and also up to about 1 per cent, of 
manganese. The tungsten may vary up to about 10 per cent, 
and the nickel and chromium up to about 5 per cent. each. 
Cast ingots of the alloys may be heated td about 1000°C., 
forged, hardened at about 850 or 900°C., and magnetized. 
(Sir. R. A. Hadfield, Br. Pat. 164,039, July 20, 1921.) 

The alloy Fe 2 Co possesses remarkable magnetic properties, 
as the intensity of magnetization is from 10 to 20 per cent, 
higher than pure iron. See also “Heukler alloys." 

Manganese Bronze. — Copper, 60; zinc, 40 with iron in small 
and manganese in varying quantities (S.A.E. Spec. No. 29). 
Should test about 60,000 lb. per sq. in. tensile strength; 
yield point about 30,000 lb. per sq. in.; elongation in 2 in., 
20 per cent. . 

Manganin according to F. E. Bash, of Leeds & Northrup, 
should have a composition of copper, 82.17 per cent.; nickel 
2.475 per cent.; manganese, 13.86 per cent.; iron 1.485 per cent. 
This alloy has a coefficient from 15-30°C. of 4-0.000003 per 
deg. G.; from 15-45°C., of 0.0000038 per deg. C. The maxi- 
mum resistance is at 25°C. The thermal e.m.f. against copper •• 
is 5.6 X 10~ 6 volts per deg. C. frt>m 0 to lOOX. 1 

Misch Metal. — Cerium, 42 per cent.; lanthanum, didymium, 
etc., 57 per cent. (These figures are approximate only.) A 
cerium-free pyrophoric Misch metal has been produced by 
Thompson and Kremers, containing Fe, La, and Nd. 

Mushet Steel. — C, 2 per cent.; Mn, 1.75 per cent.; Si, 0.75 per 
cent.; Cr, 0.4 per cent.; W, 5.5 per cent. 

Nichrome. — 60 per cent. Ni, Cr 12, Fe 26, C 0.60, Si 0.40, 
Mn 1 per cent. • 

The electrical properties are: specific resistance, 109.6 
microhms per cc. at 20°C.; 660 ohms per ipil-foot at 20°C.; 
temperature coefficient, 0.000170 ohm per deg. C. per t)hm ai 
20°C.; 0.000095 ohm per deg. F. per ohm at 20°C. 

1 F. E. Bash, Bull . September, 1919, p. 1721. 
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The thermoelectric properties against nickel, as determined 
by Northrup, are: 


Temperature, deg. C. 
100 0 water. . . . 

232 . 0 tin 

419 0 zinc 

629 . 0 antimony . 

1082.6 copper 


E.m.f. in microvolts 

. . . 2,303 
. . . 6,970 
. . 10,535 
... 15,065 
... 30,796 


The physical properties of cold-drawn nichrome are: 

Specific gravity, 8.15. 

Weight per cubic inch, 0.29 lb. 

Ultimate tensile strength, 102,200 lb. per sq. in. 

Specific heat, 0.111 per deg. C. over a range of 0° to 100°C. 
Coefficient of linear expansion, 0.0000116 per deg. C. over a 
range of 20° to 100°C. (See p. 666.) 


Electrical Resistivity of Nickel-iron Alloys 


Per cent, nickel j 

Electrical resistivity 
in inicrokm-cm 

Mean coefficient of resistivity 
between 0 and t°C. 

0 

12 1 


0 27 

13.1 


0 56 

15.4 


1.07 

16.9 


1.93 

16.4 


7.05 

26.9 


8 17 

26.7 


10.20 

28.6 


11.29 

29.4 


12.07 

30.3 


13.11* 

34.8 


19.21 

36.2 

i 

22.0 + 3 Or 


(784 - 0.130 10-« 

22.11 

38! 7 


25 20 

63 2 


26 2 


(844 + 0.010 10- * 

26 40 

65 5 


28.42 

82 0 


28.7 


(700 - 0.200 10-* 

30 4 


(897 - 0.430 10-' 

35 0 


(1,561 - 1.690 10-" 

35.09 

si’.i 

35*7 

.... 

(1,161 - 1.68 0 10-* 

47.08 

44.7 

75.06 

22.1 


100.00 

o 

12.4 



* Contains 0.89 per cent. C. 
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Magnetic Properties of Nickel-iron Allots 


Per cent, 
nickel 

Density 
D in 
grams 
per cc. 

Transformation 
temperatures 
centigrade 
(Curie points) 

Saturation values 
at 0 deg. absolute; 
magnetic moment 
per unit mass 
( B-H ) 

Curie 
constants 
(Weiss & 
Foex, 
1911) 

Heat- 
ing, dt:g. 

Cooling, 

deg 

<ro 

4vatD 


7.875 

758 


223.2 

22,090 



7.89 

730 

532 

221.0 

21,910 

0.0577 

20 

8.02 

625 

218 

210.8 

21,340 

0.0460 

30 

8.06 

533 

127 



0.0315 

40 

7.63 

365 


184.2 


0 0251 

50 

8 05 

527 


169.2 

17,120 

0 0227 

60 

8 29 

599 


146 8 

15,290 

0.0185 

70 

8 39 

613 


127 1 


0 0157 

80 

8 52 



103 1 

11,040 

0 0126 

90 


480 



8,710 

0 0100 

100 

8.86 

374 


58 8 

*6,550 

0.0056 


25 to 28 per cent 

nickel, 30 to 35 per cent. 35 to 38 per cent. 

0 3 to 0.5 per nickel nickel 

cent, carbon 


Tensile strength 
Yield point 
Elongation in 2 in. 
Reduction of area 


85.000 to 92,000 

135.000 to 50,000 
30 to 35 per cent. 
50 to 60 per ccpt. 


85.000 to 95,000 

40.000 to 50,000 
30 to 40 per cent. 
10 to 60 pei cent 


100.000 to 115,000 

64.000 to 78,000 

1 25 to 35 per cent. 
50 per cent. 


Thermal conductivity 0.0326 calories per centimeter per 
second made with 34 in. diam. section; this value is one-fifth 
that of soft iron. 

Nichrome will stand a maximum operating temperature of* 
1800°F. (982°C.) and makes an ideal material for ordinary 
heating elements. 

The physical properties of cast nichrome are as follows: 

Specific gravity. ... 8.15 Softening point. .2400°F. 

Weight per cubic Brinell hardness 

inch 0.29 1b. number 165-175 

Melting point 2660°F. Specific heat. . .0.111 at 100°C. 

Coefficient of linear expansion 0.0000121 per deg. C. with a 
temperature range of 0°C. to 100°. Length qf specimen under 
test 92.3 cm. • 

Thermal conductivity 0.0341 calories per centimeter per 
second; or in a ratio of 1 to 4.88 of soft iron, or expressed in 
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percentage 20.5 per cent, of the thermal conductivity of soft 
iron. Ultimate tensile, 50,000-55,000 lb. per Bq. in. 

Nickel and Cobalt. — The use of zirconium for hardening 
nickel or cobalt has been patented. Nickel with 8 to 10 per 
cent, of zirconium is claimed to take a fine cutting edge; either 
nickel or cobalt with 8 to 15 per cent, of zirconium has its melt- 
ing-point reduced below that of any one of the three separate 
metals, with an increase of electrical resistance; and with 16 
to 30 per cent, of zirconium the hardness is greatly increased, 
giving an alloy suitable for cutting tools. Some nickel-cobalt 
alloys resistant to acids are described just below, under non- 
corrosive alloys. 

Nirosta — A chrome-nickel steel developed at the Krupp 
works in Germany. Same as Enduro, p. 662. 

Nitralloy. — A steel containing some aluminum, chromium 
and molybdenum, of which the surface has been treated with 
ammonia gas. Two typical analyses are: C 0.36; Mn 0.51; 
Si 0.27; A1 1.23; Or 1.49; S 0.010; P 0.013; Mo 0.18; bal. Fe; 
and C 0.23; Mn 0.51; Si 0.20; A1 1.24; Cr 1.58; S 0.011; P 0.011: 
Mo 0.20; bal. Fe. The nitrided material will show a Brinell 
hardness of 900 to 1100. 

Non-corrosive* Alloys. It has been known for some time that 
cobalt-tin alloys containing about equal percentages (from 40 
to 60) of the two metals are practically acid proof, withstanding 
even aqua regia, but the alloys are too brittle for practical use. 
According to Robert Grimshaw ( Chemical Engineer , February, 
1913) copper alloyed with from 5 to 20 per cent, of this Co-Sn 
alloy can be readily machined and still retains a high degree of 
non-corrodibility. The alloys are best prepared by dissolving 
the Co-Sn alloy in the copper. An alloy of Ni and Cu in equal 
proportions is highly resistant to hot. concentrated sulphuric 
acid. Even more resistant are the alloys prepared by adding 
copper to molten nickel-tungsten. The resistance normally 
increases with the percentage of tungsten, but specially resistant 
are: Ni, 78 per cent.; Cu, 20 per cent.; W, 2 per cent.; Ni, 70 
per cent.; Cu, 25 per cent.; W, 5 per cent.; and Ni, 75 per cent.; 
Cu, 15 per cent.; and W, 10 per cent. These alloys are said to 
... roll well. Electric resistance is high. Another still more resis- 
tant alloy is obtained by adding ferro-tungsten to cupronickel 
to give Ni, 52 per cent.; Cu, 40 per cent.; Fe, 4 per cent.; W, 4 
per cent. 

The silicon-iron alloys are resistant to both sulphuric and 
nitric acid. These alloys are marketed under the names tant- 
iron, ironac and elianite in England, duriron, tantiron and cor- 
rosiron in the United States. Duriron has approximately the 
following composition: Si, 14-14.5 per. cent.; Mn, 0.25-0.35 
per cent.; total carbon, 0.2-0. 6 per cent.; P, 0.16-0.20 per cent.; 
S under 0.05 per cent. It melts at 2500-2550°F., has a specific 
gravity of about 7, a compression strength of about 70,000 lb. 
per sqc in., tensile strength about 12,000-14,000 lb., and a coeffi- 
cient of expansion of about 0.00001565 per deg. F., conductiv- 
ity about 2.5 per cent, that of standard annealed copper. 
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An approximate analysis of tantiron is as follows: Si, 14-15 
per cent.; S, 0.05-0.15 per cent.; P, 0.05-0.10 per cent.: Mn, 
2-2.5 per cent.; C (graphite), 0.75-1.25 per cent.; melts at 
about 2550°F.; sp. gr., 6.8; and tensile strength about 6-7 tons 
per sq. in. 

Palorium. — A gold-platinum-group alloy, patented by the 
Palo Co. of New York. Melts at 1310°C. Superior to Pt 
in resisting fused alkalis; much inferior in resistance to HNO# 
and HKSO4. 

Permalloy. — 80 per cent. Ni, 20 per cent. Fe. Has an 
initial permeability 30 times that of soft iron. Developed by 
the Western Electric Co. 

Phonoelectric Wire. — See silicon-bronze in table. 

Pyrophoric Alloys. — These are in general cerium alloys. The 
commonest is ferro-cerium, containing about 15 per cent. Fe, 

2 per cent, of Bi or Sb to harden it, 5 per cent, of copper to make 
it more fusible; and silicon, a general impurity of the rare earth 
metals, taken up from the clay crucibles in which the metal is 
melted. The most highly pyrophoric alloy is probably 1 part 
platinum with 3 parts of cerium. The most highly pyrophoric 
of the iron alloys is probably reached at about 70 per cent, of Ce. 
The alloy is hardest at 60 per cent. Ce. The alloys with 25 
per cent, of magnesium or aluminum are brittle and easily 
pulverized. CeFe 2 is magnetic at ordinary temperatures, 
but becomes non-rnagnetic at 1 16°C. The presence of carbides 
is undesirable, as the alloys, unless kept under oil, oxidize and 
lose their efficiency. The raw materials for these allo^ys is the 
waste from the factories which extract thorium from monazite 
sand. The residues of the various rare earths are converted 
into chlorides and the anhydrous salts are electrolyzed in clay 
or in water-jacketed iron crucibles provided with iron cathodes. 
The fluorides are not convenient for reduction. (See “Misch 
Metal/’ p. 667.) 

Rezistal. — A non-magnetic, flame and corrosion resistant 
alloy developed by the Crucible Steel Co. of America. It 
can be annealed to a Brinell hardness of 38 or less, but after 
oil quenching has a Brinell of 228, with corresponding yield 
points of 58,000 and 75,000 lb. per sq. in. „ 

Shakado. — A Chinese “art bronze,” really a cupro-gold alloy. 

Shibuichi. — A Chinese'* art bronze, ’’really a cupro-silyer alloy. 

Silanca. — A11 English silver alloy, said to be resistant to 
tarnish, containing about 93 per cent. Ag; 4.5 per cent. Sb; and 
2.5 per cent. Zn or Cd, or both. 

Silver Tarnish-resisting Alloys. — Aluminum, beryllium, 
copper, germanium, magnesium, manganese, nickel and tellu- 
rium increase the liability of silver to tarnish. Antimony, 
cadmium, tin and zinc diminish the liability. # 

Beryllium-copper Alloys. — According to W. H. Bassett, 
beryllium-copper alloys have high tensile strength with a 
comparatively high conductivity. Cu alloyfcd with 1,62 per 
cent, of Be gives a tensile of 145,000 lb. and a conductivity of 
19.9 at 20°C. 
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Stainless Steel. — These originally were steels carrying 11 to 
14 per cent. Cr and carbon of 0.3 or lower. The newer stainless 
steels are both high chromium and high nickel. See “Enduro,” 
“Nirosta,” “Renstal.” 

Stainless steel — used chiefly for cutlery. A typical analy- 
sis is said to be: Fe, 86.6 per cent.; Cr, 12.7 per cent.; Co, 
0.45 per cent.; C, 0.28 per cent.; Si, 0.01 per cent.; Mn, 0.12 
per cent. Resists tarnishing in contact with food stuffs. 

Sykes Die Material. — An iron-molybdenum alloy. 

Thermalloy. — Fe, 7-5-85 per cent.; Cr, 10-20 per cent.; 
Si, 2-6 per cent.; 0.5-1 per cent. Mn and W, 0.2-2.0 per cent. 
C. M.p., 2760°F.; sp. gr., 7.60; coeff. of linear exp. per deg. F., 
0.0000088; ultimate tensile strength, cast 60,000; forged 120,000 
lb. per sq. in., elastic limit, cast, 50,000; forged, 75,000 lb. per 
sq. in. 

Toncan Iron. — Contains copper and molybdenum. 

Tungsten-carbide Alloys. — There are several alloys contain- 
ing tungsten carbides, the pure carbides melting at 2600 to 
2800°C. The alloys are : 


< 
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cent. 

c, 
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cent. 

Co, 
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cent. 

Fe, 

per 
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Carbides, 
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Diamonite 

95 65 

3 91 
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W 2 C 

Elm arid 

83 0 

5 90 

4.50 


W 2 C 

Thoran 

95 85 

3 94 
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i W 2 C, wc 

Walramite 
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Widia 

87 50 

5.68 

6’io 
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Zilloy. — A roofing material produced by the New Jersey 
Zinc Co. Apparently it contains (beside zinc) about 1 per cent. 
Cu and 0.01 per cent. Mg. The tensile strength runs about 
35,000-60,000 lb. per sq. in. (Zn, 20,000-30,000) and the 
^elastic limit about 13,500 (Zn, 5,200 lb. per sq. in.) 

Shell Steel. — The general conditions for proper shell steel 
were laid down by Dk. J. E. Stead in a lecture given before the 
Cleveland Institute of Engineers ( The Engineer , Jan. 14, 1916). 
These are: (1) There must not be such porosity of the base 
of the shell as to admit the hot propellant gas in on the exploding 
charge inside the shell. (2) The steel must not be too soft, 
for if it is, the shell bulges in the gun, causing excessive friction 
in the barrel. This may lead to the accentuated pressure from 
the propellant gases exceeding the bursting pressure. (3) The 
steel must not be too brittle. It should also break so that the 
fragments may have sharp points and edges, called by Doctor 
Stead /‘shear-fractured surfaces.” The analysis of many 
German shells shows that that country allows a very wide range 
for its shells, as follows: 
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Carbon 0 . 393 to 1.12 per cent. 

Manganese 0 . 380 to 1 . 40 per cent. 

Silicon 0 . 078 to 0 . 697 per cent. 

Sulphur 0 . 027 to 0 . 083 per cent. 

Phosphorus 0 . 028 to 0 . 106 per cent. 


From the analyses of these German steels it appears that 
British makers have been insisting on a freedom from phos- 
phorus that is totally unnecessary. From the analyses of 
German shell steel it is judged that basic bessemer steel is 
being used. This is argued from the nitrogen present, showing 
that open-hearth steel is not necessary. 

The French chemical specifications for shell steel are said 
to be: Carbon minimum, 0.30 per cent.; Si, 0.15-0.25 per cent.; 
Mn, 0.50-0.80 per cent.; P, 0.03-0.08 per cent.; S, maximum, 
0.05 per cent. 

Alloys Having Remarkable Properties at Very High or Very 
Low Temperatures. — L. Guillet. Rev. metal. 11, I, 969-70 
(1914). — Alloys or metals having a high temperature resistance 
have a breaking strength and an elastic limit of 5-8 kg. per sq. 
mm. at about 750-800°. A Ni-steel alloy hardened with Cr 
and W is described which has a breaking strength of 24 kg. at 
800°. Another alloy shows a resistance of 50 kg. at —195°, 
while soft steel gives a resistance of no more than 3 kg. at this 
temperature. Tammann cites two alloys of Cr-Co, one of 
which (Cr 25 per cent., Co 75 per cent.) has a resistance of 
44.9 kg. at 720°; the other (Cr 30 per cent., Co 70 per cent.) 
has a resistance of 65.1 kg. at the same temperature. 


Allotropy of Metals 

In the preface to the first edition of this book I made mention 
that in its preparation I hacl often been puzzled by the fact that 
the various constants of the elements as determined by appar- 
ently equally reliable workers were hopelessly at variance. 
Some researches of Professor Cohen at the Van’t Hoff 
Laboratory seem to give the answer to this seeming discrepancy. 

To take a specific instance, dilatometric observations on the 
metal showed a sudden change at 75°C. The metal below 7£r 
(the a modification) has a specific gravity of 9.732, the metal 
above (0 modification) 9.712. Although the transition point 
is well defined, quick cooling or quick heating permits the a. 
and/3 modifications to exist in the same mass. 

Antimony also has strongly marked a and /? modifications, 
the transition point being about 96°C. The transformation 
temperature of copper is about 70.5°C. 

Tne explanation, then, of the question of widely* varying 
constants, is apparently that a and (3 modifications exist in 
most of the metals and that accompanying a determination 
of the constants should be a statement of thl relative proportion 
of a and (i modifications. As it appears to be true that^at 
temperatures below the critical temperature the change from 
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(3 to a may be extremely slow, we might determine, say, the 
coefficient of linear expansion of bismuth each month for 6 
months and get a different result each time, as what was origin- 
ally a large amount of 0 modification changed slowly over to a. 

It does not appear, either, that it may not be found later 
that t and even 5 modifications of some of the elements may not 
be found. 

Brittleness of Tin Foil . — Some interesting investigations on 
aluminum containing tin have been carried out by E. Heyn 
and E. Wetzel of the Kaiser Wilhelm Institut fur Metallfor- 
schung at Neubabelsberg and have been published in the 
Proceedings of this Institute, and summarized in The Engineer 
for Aug. 18, 1922. The investigations arose from the attempts 
to elucidate the origin of the brittleness of certain tin foil, winch 
when freshly rolled was as soft and pliable as the average 
material, but which after a few days became through and 
through brittle. The origin has been traced to a small amount 
of aluminum contained in the tin. Even 0.25 per cent, of 
aluminum is sufficient to make the tin completely brittle in a 
short time, so that the foil breaks up on the slightest bending 
stress. The effect is probably due to great difference in 
electrolytic potential between tin and aluminum, which under 
moist atmospheric conditions results in the gradual conversion 
of the aluminum to aluminum oxide. The splitting process 
always commences at the surface and makes its way down into 
the center of the material. Tin which, owing to the above 
cause, has been rendered useless can be regenerated and com- 
pletely freed from aluminum by melting, when the alumina 
remains as a gray residue. The addition of lead to the tin does 
not retard the advent of the brittleness but the addition of 2 
or more per cent, of copper is advantageous. 

Die Casting of Zinc Alloys. — H. E. Brauer and W. M. 
Peirce recommend an alloy of 92 per cent, high-grade zinc; 
3 per cent. Cu and 5 per cent. A1 for die casting. This alloy 
has a tensile strength of 40,700 lb. per sq. in., a Brinell hardness 
of 54.7, and possesses high resistance to corrosion. 

- Recrystallization of Metals 1 

When a metal is plastically deformed at a temperature so 
low that “strain hardening” results, it is said to be “cold- 
worked.” Microscopic examination shows that the grains 
have been deformed in about the same manner and magnitude 
as was the piece of metal taken as a whole. Except in the 
soft metals like lead, tin, and zinc, these distorted grains do 
not change at room temperature. On heating, however, a 
temperature is reached, different for different metals and for 
various degrees of cold work, at which the distorted grain 
structure is replaced by new grains usually approximating an 
equiaxed* shape. By “equiaxed grain” is meant one whose 

^From an aftide by Jeffries and Archer, Chem. and Met. Eng., Feb. 22, 
1922 . 
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diameter is approximately the same in all directions. Hardness 
tests show that most of the “strain-hardening" effect is lost 
with this change in structure. This change is usually referred 
to as “recrystallization,” and the lowest temperature at which 
new grains visible under the microscope appear may be called 
the “recrystallization temperature.” 


Recry st allization Temperature 


Metal 

Approximate 

lowest 

recrystallization 
temperature, 
deg. C. 

Metal 

Approximate 

lowest 

rccrystallizati on 
temperature, 
deg. C. 

Iron 

450 

Magnesium . 

150 

Nickol . 

<>00 

Tantalum. 

1000 

Gold.. 

200 

Tungsten. 

1200 

Silver ... 

200 

Molybdenum 

900 

Copper 

200 

Zinc .... 

Room temp. 

Aluminum . 

150 

Lead . . 

Below room 
temp. 

Platinum . 

450 

Tin 

Cadmium * 

Below room 
temp. 

About room 
temp. 


Corrosion of Alloys by Sea Water 

Ten-year corrosion tests of copper alloys in sea water were 
run by W. H. Bassett and C. H. Davis (Trans. A.I.M.E., 
1925). In these tests copper suffered the greatest loss; low 
brass the least. The order of corrosion (the most corroded 
first.) was: (1) Copper; (2) gilding (Cu 96.91, Zn 3.06, PI) 0.01, 
Fe 0.02); (3) muntz metal (Cu 60.49, Zn 39.29, Pb 0.15, 
Fe 0.07); (4) brass (Cu 61.79, Zn 38.06. Pb 0.13, Fe 0.02); 
(5) brass (Cu 63.32, Zn 36.50, Pb 0.15, Fe0.03); (6) aluminum 
bronze (Cu 92.24, A1 7.76); (7) cupronickel (Cu 84.75, Ni 
14.99, Fe 0.12, Mn 0.14); (8) cupronickel (Cu 75.46, Ni 
24.12; Fe 0.15, Mn 0.27); (9) cupronickel (Cu 79.89, Ni 19.88. 
Fe 0.09, Mn 0.14); (10) bronze (Cu 94.72, Zn 0.22, Sn 5.00); 
(11) cupronickel (Cu 89.27, Ni 10.35, Fe 0.15, Mn 0.23); (12) 
phosphor bronze (Cu 95.72, Sn 4.09, P 0.29); (13) gilding (Cu 
94.90; Zn 5.07, P 0.02, Fe 0.01); (14) bronze (Cu 92.73, Zn 
6.54, Pb 0.02, Fe 0.06, Sn 0.65); (15) brass (Cu 72.45, Zn 27.47, 
Pb 0.06, Fe 0.02); (16) tobin bronze (Cu 61.31, Zn 37.72, 
Pb 0.06, Fe 0.04, Sn 0.87); (17) commercial bronze (Cu 89.93, 
Zp 10.02, Pb 0.02, Fe 0.01); (18) bronze (Cu 91.30, Zn 0.14, Sn 
8.44); (19) leaded brass (Cu 67.29, Zn 31.99, Pb 0.69, Ee 0.03): 
(20) brass (Cu 66.11, Zn 33.83, Pb 0.04, Fe 0.02); (21) nickel 
silver (Cu 57.42, Zn 26.71, Ni 15.51, Fe 0.23, Mn 0.12); (22) 
brass (Cu 72.45, Zn 27.47, Pb 0.06, Fe 0.62); (23) admiralty 
(Cu 69.72, Zn 28.92, Pb 0.03, Fe 0.04, Sn 1.29); (24) low brass 
(Cu 80.84, Zn 18.08, Pb 0.07, Fe 0.06, Sn 0.95); (25) aluminum 
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bronze (Cu 95.14, A1 4.86); (26) low brass (Cu 80.07, Zn 19.86, 
Pb 0.05, Fe 0.02). 

Practically the same order of failure under corrosion took 
place with condenser tubes. Pitting took place in the tubes 
of gilding, resulting in failure; dezinkification takes place in 
the muntz metal, even under tinning. Monel metal was 
unsatisfactory. 

Tests in acid mine waters (coal mines) showed extensive 
corrosion of all brasses. Bronzes showed much less corrosion 
than brasses. Cupronickel alloys corrode about like brasses. 
German silver corrodes extensively, and aluminum pits badly. 
Those materials showing marked resistance to corrosion were 
high-chromium steels, chrome-nickel steel, chrome-nickel 
iron, and high-silicon cast iron. 

Corrosion of Metals by Sea Water. — J. Newton Friend 
exposed various ferrous and non-ferrous alloys for 4 years in 
the Bristol Channel. He thus summarizes the results (Insti- 
tute of Metals, March, 1928, meeting). Nickel-copper (99.80 
per cent. Cu, 1.75 Ni) lost 1.49 per cent, in tensile strength; 
screw metal (Cu 60.02 per cent.; Zn 38.61 per cent.; Pb 1.37; 
As < 0.05), 3.78 per cent.; copper, 4.37 per cent.; naval brass 
(Cu 62.03 per cent.; Zn 36.73 per cent.; Pb 0.23, Sn 1.01) 4.83; 
commercial zinc 10.31 per cent. In actual losses of weight the 
metals ranked as follows: Tin, ordinary English ingot, 0.04 
per cent.; tin, Straits, 0.11; nickel, 0.44; lead (hard), 0.51; 
lead (soft), 0.65; screw metal, 1.44; stainless steel 2.44 ; muntz 
metal, 2.87; Arrnco iron, 3.02; nickel-copper, 3.03; arsenical 
copper, 3.41; copper, 3.65; commercial aluminum, 4.46; com- 
mercial zinc 4.70; nergandin brass, 5.04; wrought iron, 5.01 
per cent.; naval brass, 5.58; mild steel, 5.60 per cent. 

Because of the depth of fitting developed, however, Friend 
ranked the test pieces as follows: tin, nickel, hard lead, soft 
lead, screw metal, cupronickel, arsenical copper, copper, 
nergandin brass, naval brass, muntz metal (Cu 60.80, Zn 
38.75, Pb 0.35, Sn 0.1); zinc, aluminum, Arrnco iron, wrought 
iron, mild steel, stainless steel. The ranking of copper above 
the brasses is extremely interesting as compared with Bassett 
apd Davis’ 10-year tests given immediately above. The 
low corrodibility to tin and lead is also striking, though one 
would rather have expected this in view of the tin and lead 
objects dredged out of the Seine and the Thames in the 
museums of Paris and of London. 

Corrosion at Discontinuities of Metallic Protective Sur- 
faces. — Ulich R. Evans ( Proc ., Brit. Inst. Metals , September, 
1928) cites that in the breakdown of invisible protective films 
produced on metallic surfaces it is frequently found that 
corrosion at the breakdown point was frequently more intense 
than if no attempt had been made to protect the material. 
With films of paint and varnish, on the other hand, the phe- 
nomenon. of rust-sfifling renders corrosion at cracks and pin- 
holes less intense than if the film were everywhere absent. 
With metallic coatings cracks in the coating produced by 
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bending are more dangerous than uniformly distributed pores. 
If the coating metal is cathodic to steel (copper, nickel) the 
steel is corroded. If the coating metal is anodic to steel (zinc, 
cadmium) the coating suffers, the steel is protected. A zinc 
coating is rapidly attacked when partially immersed in a zinc- 
chloride solution, but alternate salt-spraying and drying 
builds up a protective film, a fact which explains the behavior 
of galvanized iron in practice. (Note. — Lead, tin, and alumi- 
num are variably anodic and cathodic.) 

Protection of Aluminum and Its Alloys against Corrosion. — 
In a paper discussing this subject at the Derby meeting of 
the Inst, of Metals (Brit.), Sept. 6-9, 1927, H. Sutton and 
A. J. Sidery presented the following conclusions: 

(1) The anodic treatment of aluminum, Duralumin, and 
certain aluminum alloys, followed by application of grease, 
affords a considerable measure of protection against corrosion 
by sea water. 

(2) The increase in weight due to anodic treatment and the 
subsequent application of lanoline is negligible compared with 
that involved by plating. 

(3) Parts in contact with iron, steel, copper, brass, or other 
copper alloys cannot be treated anodically* and treatment of 
the aluminum or aluminum alloy parts is necessary before 
attachment to extraneous metals or alloys. 

(4) The “limiting radius of bending” of thin sheets of alu- 
minum is increased slightly by the somewhat brittle anodic film. 

(5) The insulating properties of the film are likely to cause 
difficulty in securing good electrical contact where desired. 

(6) The “throwing-power” of the anodic process is probably 
much greater than that of the best-known plating bath, and 
enables parts having irregular shape to be treated without 
special arrangements. 

The experiments on the* zinc- or cadmium-plating processes 
permit the following observations: 

(а) Zinc and cadmium may be deposited on aluminum and 
all the aluminum alloys so far investigated, and deposits 
0.0005 in. thick afford a considerable measure of protection, 
with the single exception of cadmium on aluminum. 

(б) Deposits of this thickness weigh approximately 0.6 
0.74 oz./ft. 2 . 

(c) Parts in contact with steel and other metals may be plated 
without dismantling. 

( d ) The “throwing-power” of zinc and cadmium cyanide 
baths is good, but not so good as that of the anodic oxidation 
process. That of the zinc sulphate baths tried appears to be 
relatively poor. 

Protection by Anodic Oxidation. 1 — A process for 0 the pro- 
tection of aluminum and certain aluminum alloys by anodic 
oxidation is due to G. D. Bengough and J. M. Stuart. 1 

• 

1 Trana. Brit. Inst. Metals, 1928. * _ 

1 G. D. Bbnqouqh and J. M. Stuart, English Patent 223,994, Au|. 2, 
1923. 
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The process consists in making the articles of aluminum or 
alloy the anode in a 3 per cent, aqueous solution of chromic 
acia or its equivalent salt in water, maintained at a temperature 
of 40 b C. Tne voltage is raised from 0 to 50 volts over a period 
of 1 hr., during which a dense resistant coating of oxide forms 
on the surface of the articles. Subsequent sapplication of 
grease or paint improves the protection against corrosion 
afforded by the film. The ungreased film may be dyed by 
immersion in aqueous solutions of dyes for which aluminum 
hydroxide is a suitable mordant. 1 

Early work on this process was described in a recent paper to 
the British Association,* and the operation of the process is 
here described briefly. 

The surface of the aluminum or alloy is first cleaned to remove 
adhering impurities, grease, etc. For this purpose washing with 
petrol or benzol, followed by dipping in hot water, has proved 
satisfactory. The article is then immersed in boiling water 
for a few minutes and transferred to the anodic bath, in which 
it is connected to the positive lead by means of aluminum or 
Duralumin wire, strip, or rod to which it is firmly attached. 
Unless good contact is obtained initially and maintained by 
suitable pressure, the work is liable to become insulated from 
the conductor by the film produced during treatment. 

Pieces may be treated, on the other hand, by double immer- 
sion, each immersion covering rather more than half of the 
surface of the piece so that no part remains untreated. This 
procedure necessitates penetration of the film, e.g. by spring 
steel clips having sharp points, in order to permit the treatment 
of the second portion. It also results in the formation of a 
band of different color from that of the rest of the piece, but 
this has been found not to be a detrimental effect. 

The cathodes used are of graphite, and it has been found 
advantageous to have a front area 6f graphite electrodes equal 
to or greater than that of the work under treatment. 

The following conditions have been adopted as standard: 

The electrolyte consists of 3 per cent, solution of chromic 
acid crystals in water, maintained at 40°C. and agitated 
moderately. 

•*The voltage of the bath is increased gradually from 0 to 40 
volts in 15 min. and is maintained at 40 volts for 35 min. It 
is then raised to 50 volts in the course of 5 min., and held at 
this value for 5 min. The object is then washed in water and 
dried. Mild steel tanks have been used exclusively as contain- 
ers for the electrolyte. 

The current has a heating effect which becomes appreciable 
in a bath in which considerable areas are under treatment, and 

1 G. D. ©bnqouqh and J. M. Stuart, English Patent 223,995, Aug. 2, 
1923. 

s G. D. Benqough and H. Sutton, British Association, Aug. 9, 1926. 
Engineering, 1926, Vol.d22, pp. 274-277. See also G. D. Benoough and 
J. M. Stua'at, ''The Anodic Oxidation of Aluminium and its Alloys as a 
Protection against Corrosion/’ ( Report of the Department of Scientific and 
Industrial Research ), H. M. Stationery Office, 1926. 
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cooling is necessary in order to maintain a steady temperature. 
Variations of ± 2 5 C. are permissible. 

Articles for treatment should consist entirely of aluminum, or 
aluminum alloy suitable for treatment. Contact with iron, 
steel, brass, or other metal prevents the normal operation 
of the process, as the main effect of the current is then concen- 
trated upon the foreign metal. In the case of brass and copper 
severe corrosion occurs, with contamination of the electrolyte. 

During the treatment the anodic film constitutes the prin- 
cipal resistance in the circuit. The heating effect of the current 
causes a layer of electrolyte in contact with the film to become 
heated and to rise in a convection current to the surface of the 
bath if agitation be insufficient. 

If in anodic oxidation of aluminum or aluminum alloy the 
voltage be raised continuously, a point is reached at which the 
anode film breaks down. At this point there is a marked 
increase in current for each subsequent small increase in voltage. 
This point, or “breakdown voltage," is accompanied by pitting 
of the aluminum or alloy, with formation of a porous, non- 
protective coating. The voltage at which “breakdown” 
occurs decreases with increasing temperature of the electrolyte. 
It is therefore important to avoid accumulation of overheated 
electrolyte as far as possible. 

Some oxygen gas is liberated at the anode under treatment, 
and it is necessary to avoid this gas being trapped in parts of 
irregular shape. 

As would be expected from the nature of the process, the 
“throwing-power” is excellent, and deep recesses receive a 
coating indistinguishable from the normal. Only in the case 
of long tubes of small bore and similar cases is there any marked 
variation in film thickness, and in such cases the resistance of 
the electrolyte is the controlling factor. Pores and defects 
in castings, and also in rolled and forged aluminum and light 
alloys, appear to receive the coating. Pores and defects retain 
some chromic acid even after prolonged washing, and while this 
effect produces unsightly stains, it has been found not to be 
injurious. On the other hand, it serves to show up defects 
which would otherwise escape detection. 

The treatment of commercial aluminum sheet requires IP 
current density of 2.8 to 3.6 amps. /ft. 2 as a maximum. With 
aluminum and also with aluminum alloys the current consump- 
tion varies with the nature of the surface of the metal, being 
high for rough surfaces and low for smooth surfaces. It also 
varies with the temperature of the electrolyte, and to a slight 
extent with the working age of the electrolyte. 

Corrosion Resistance — Cu-Al Bronze. — Of the less expen- 
sive alloys, the corrosion resistance of copper-alumiqum-iron 
bronze fits it very well for use with certain acids. 
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Bronze A 

Bronze B 

Cu 

87.0 

85.60 

Al 

9.8 

10.81 

Iron-alloy 

3.14 

3.57 


99.94 

99.98 

Ultimate tensile per sq. in.. 

74,800 lb. 

■ivMi'iiaw 

Reduction in area 

19 0 % 
21.0 % 
7.71% 
Resistant 

13.0 % 
11.5 % 
7.58% 
Resistant 

Elongation in 2 in 

Sp. gr 

Sulphuric acid, dil 

Sulphuric acid, cone 

Resistant 

Resistant 

Hydrochloric 

Non-resistant 

N on-resistant 

Ammonia 

Non-resistant 

Resistant 

Sodium hydroxide 

Resistant 

Resistant 

Lactic acid 

Resistant 

Phosphoric acid 

Tartaric acid 

Resistant 

Resistant 


Acetic acid 

Resistant 

Non-resistant 

• 


Critical Density Ratios of Metals and Their Oxides 


Metal 

Ratio 

Metal 

Ratio 

Aluminum 

1.28 

Manganese 

2.07 

Barium 

0.78 

Nickel 

1.68 

Cadmium 

1.32 

Potassium 

0.51 

Caesium 

0.42 

Silicon 

2.04 

Calcium 

0.78 

Sodium 

0.32 

Chromium 

3.92 

Strontium 

0.69 

Cobalt 

2.10 

Thorium 

1.36 

Copper 

1 70 

Tin 

1.33 

toon 

2.06 

Tungsten 

3.30 

Lead 

1.31 

Zinc 

1.59 

Lithium 

0.60 

Zirconium 

1.55 

Magnesium 

0.84 

; 


If this above ratio exceeds unity, oxidation (rusting) forms 
a protective coating. If less than unity, there is no protection 
to the ipetal (N. B. Pilling and R. E. Bedworth, Chem. 
and Met. Eng., July 12, 1922). 

Chemical Lead. — According to W. Henry Ibbotson, Indus- 
trial Chemist , July, 1*929, pp. 267-268, the first essential is purity , 
because the ^acid-resisting properties are greatly reduced by 
even small quantities of impurities. A. very small quantity 
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of copper, however, probably is beneficial, at least for most 
uses involving exposure to acid. It may be that the copper 
counteracts the harmful effect of traces of other metals, ratner 
than having a positive beneficial effect of its own. The British 
Engineering Standards Association specifies upper limits as 
follows: silver, 0.002; bismuth, 0.005; iron, 0.003; antimony, 
0.002; zinc, 0.002, and copper, 0.05 per cent., the total impuri- 
ties other than copper not to exceed 0.01 per cent. Since 
the protective effect of lead depends on formation of a corroded 
film on the surface which prevents further attack, use should 
be under conditions not subject to mechanical disturbances 
which might remove or destroy the continuity of this film. 
For this reason, also, the thickness of lead to be used should 
be adapted to the severity of the conditions. For some uses, 
antimonial lead is preferable to the pure metal — e.g., in acid 
eggs and vessels which need sufficient rigidity for self-support 
and will be exposed only to cold acid. 


Fluxes for Soldering and Welding 1 


Iron or steel. 
Tinned Iron. 
Copper and brass. 
Zinc. 

Lead. 

Lead and tin pipes. 


Aluminum. 


1 Given as a Danish flux by Brass 
tionable whether it will work. 


Borax or sal-ammoniac, zinc 
chloride. 

Resin or tin chloride. 

Sal-ammoniac or zinc chloride. 

Ammonium phosphate, zinc 
chloride 

Tallow or resin. 

Resin and sweet oil. 

Borax 96 parts, sodium bisul- 
phate 4 parts. 1 Cryolite is 
about the best for arc 
welding. 

World, May, 1015. Seems very queo- 


Soldering Aluminum. 2 — All metals or alloys used for solder- 
ng aluminum are electropositive to it. A soldered joint there- 
fore is attacked and disintegrated when exposed to moist air. 
Joints should therefore never be made by soldering unless 
they are protected by paint or varnish, or are. in heavy castings. 
Solders are best applied without a flux or by using paraffin as 
a flux, after preliminary cleaning and tinning of the surface. 

Suggested Compositions 

Zn 15 — 50; Sn balance 
Zn 8 — 15; A1 5 — 12; Sn balance 


1 Mbqraw, “Practical Data for the Cyanide Plant.” 
3 Bureau of Standards Ctrc 73 (1923) 
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IMPURITIES IN COMMERCIAL METALS 

Aluminum: Fe, 0.18 per cent.; Si, 0.17; Na, 0.05; Cu, tr. 
Electrolytic aluminum will carry 98.52 to 99.34 per cent. Al, 
and Si from 0.07 to 1.14 per cent, according to Richards 


Analyses op Aluminum 

(By W. H. Withet, Nat. Phys Lab ) 



A 

B 

C 

D 

Copper. . . 

0.0265 

0 0800 

0.0463 

trace 

Iron 

0.1829 

0.4077 

0.1972 

0.1522 

Zinc 

0.0060 

0.0120 

0.0075 

0.0024 

Silicon ... . 

trace 

0.2320 

trace 

trace 

Silica 

0 333 

0 340 

0 290 

0 459 

Nitrogen 

0.040 

0.006 

0.042 

0.092 

Sodium . . . 

trace 

trace 

trace 

trace 

Sulphur 

nil 

nil 

nil 

nil 

Phosphorus . 

nil 

nil 

nil 

• nil 


Chemical Analyses of Refined Copper 1 


1 

Element 

Lake 

who 

bar 

Lake j 
arsenical 
ingot 

1 

Eleetro- 
lytie wire 
bar 

Best 

selected 

English 

Cu + Ag 

99 . 900 

99.4385 

99.9548 

99.5510 

Cu 

99 . 890 r 

99 4131 

99 953 

99 530 

A „ f 

0 . 0090 

0.0254 

0.0018 

0 021 

Ag \ 

(2 8 oz ) 

(7 41 os.) 

(0 56 oz ) 

(7 02 oz.) 

Pb 

2.0031 

0.0027 

0.0010 

0. 1331 

Hi . 

0.0000 

0.0000 

0.0000 

0.0000 

Aa 

0 0002 

0.3183 

0 0000 

0.0071 

fib .... 

0 0000 

0 0000 

0.0009 

0 0087 

8e + Te 

0.0020 

N d 

0 0026 

0 0066 

•• Fe ... 

0.0028 

0.0056 

0.0038 

0 0044 

Ni 

0.0090 

0 0153 

0 0028 

0. 1112 

Zu ... 

0 0000 

0.0000 

0.0000 

0 0000 

8 . 

0 001(5 

0.0071 

0 0020 

0.0074 

O (by diff ) . 

8n 

0 0753 

0.2143 

0.0315 

0 1705 

Conductivity, annealed 

96.49 


100 45’ 


Conductivity, hard drawn 

Difference due to hard drawing. . 
Tensile strength, lb. per eq. in. . 
Twists in 6 in . . 

93 84 

2 65 

67 590 
17 


97 61 

2 81 
66.300 
34.0 


Elongation, per cent.. . 

Bends, aifhealed 

1 03 5 


1.04* 


11 0 


14.0 


Diameter of wire, in 

0.080 


0.080 



i Hofman, “ Metallurgy of Copper," p. 12. 
%In 8 in 
• In 60 in. 
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Antimony : 1 Cookson’s: Pb, 0.041; Sn, 0.035; As, tr.; Cu, 
0.04; Fe, 0.010; Zn, tr. Cookson’s: Pb, 0.102, Zn, tr.; As. 
0.092; Bi, none; Cu, 0.046; Cd, none; Fe, 0.004; Zn, 0.034; Ni 
and Co, 0*028; S, 0.086; Sb (by difference), 99.608. Hallett’s: 
Pb, 0.669; Sn, 0.175; As, tr.; Cu, 0.038; Fe, 0.014; Zn, tr. 
Hallett’s; Pb, 0.718; Sn, 0.012; As, 0.021; Bi, none: Cu, 0.046; 
Cd, none; Fe, 0.007; Zn, 0.023; Ni and Co, none; S, 0.128; Sb 
(by difference), 98.856. Japanese: Pb, 0.443; Sn, 0.175; As, 
0.008; Cu, 0.034; Fe, 0.015; Zn, tr. Japanese: Pb, 0.424; Sn, 
0.012; As, 0.095; Bi, none; Cu, 0.043; Ca, none; Fe, 0.007; Zn, 
0.023; Ni and Co, none; S, 0.201; Sb, 99.195. Chinese: Pb, 
0.018, Sn, 0.035; As, 0.017, Cu, 0.008; Fe, 0.007; Zn, tr. Chinese: 
Pb, 0.029; Sn, none; As, 0.090; Cd, none; Fe, 0.004; Zn, 0.027; 
Ni and Co, tr.; S, 0.078; Sb, 99.760. 

Bismuth (American): Pb, Au, Cu, Sb, Te, traces; Ag, 1.37 
oz. per ton; Fe, 0.009 per cent. 

Copper (electrolytic): Cu, 99.89; Bi, none; Ni, 0.0100; As, 
0.00108; Sb, 0.00515 per cent.; Ag, 0.96 oz. per ton. The 
presence of a small amount of oxygen, less than 0.06 per cent., 
seems to affect the copper beneficially, and in most of the elec- 
trolytic copper, which carries from 99.89 to 99.94 per cent. Cu, 
oxygen forms by far the largest part of the balance. 2 

Iron, pure, is defined by the American Society for Testing 
Materials (Atlantic City meeting, 1915) as containing under 
0.02 per cent. C; 0.03 per cent. Mn; 0.03 per cent. S; 0.01 per 
cent. P; 0.03 per cent. Cu. 

Lead (electrolytic): Ag, 0.29 oz. per ton; Bi, 0.0024 per cent.; 
Cu, 0.0010; As, tr.; Sb, 0.0066; Fe, 0.0028. 

Lead (Parkes process), American: Bi, 0.060-0.110; Sb, 
0.0028-0.0076; As, 0.00025-0.009 per cent.® 

Nickel: Mond process, Ni, 99.72; S tr; Fe 0.06; Co 0.09; 
Si tr, Cu none. Int. Nickel Cos. best electrolytic, Ni, 
99.7; Fe 0.01; Co, 0.02; Cu none. Tensile about 72,000 lb. 
per sq. in. Brinell about 150. 

Tin. — (Pulo Brani, 1892, after Heintuy Louis): Sn, 99.76; 
Sb, 0.07; Pb, 0.02; Fe, 0.14 per cent.; Cu, As, none. English: 
Sn, 99.73; Fe, 0.13; Pb, tr. ; Cu, tr. The presence of over 0.8^ 
per cent, of copper spoils tin for tin-pot work, according to m^' 
own experience, yet Louis gives as a typical English tin analysis: 
Sn, 98.64; Fe, tr; Pb, 0.20; Cu, 1.16 per cent. 

1 Mm . and Set . Press , July 10, 1915. 

2 See also pp. 6H2 ana 700. 

> See also p. 737. 
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Sheet-zinc Gage 



American 

Belgian 

Vieille Montague 

Gage 

number 

Thickness, 

Weight 

Thiokness, 

Weight 

Thickness, 

Weight 


decimals 

per sq. 

decimals 

per sq. 

decimals 

per sq. 


of an inch 

It., lb. 

of an inch 

ft., lb. 

of an inch 

ft., lb. 

1 

0.002 

0.075 

0.0018 

0.068 

0.004 

0.150 

2 


0.150 

0.0036 

0.135 

0.006 

0.225 

3 


0.225 

0.0055 

0.206 

0.007 

0.263 

4 


0.300 

0.0073 

0.274 

0.008 

0.300 

fi 

0.010 

0.375 

mmm 

0.341 


0.375 

6 

0.012 

0.450 

0.0110 

0.413 

0.011 

0.413 

7 

0.014 

0.525 

0.0128 

0.480 

0.013 

0.488 

8 

0.016 

0.600 

0.0146 

0.548 

0.015 

0.563 

9 

0.018 

0 075 

0.0165 

0.619 

0.018 

0.675 

10 

0.020 

0.750 

0.0180 

0.675 

0.020 

0.750 

11 

0.024 

0.900 

0.0217 

0.814 

0.023 

0.863 

12 

0.028 

1.050 

0.0254 

0 953 

0.026 

0.975 

13 

0.032 

1.200 

0.0290 

1.088 

0.029 

1.088 

14 

0 036 

1.350 

0.0326 

1.223 

0.032 

1.200 

15 

0.040 t 

1 . 500 

0.0364 

1.365 

0.038 

1.425 

16 

0.045 

1.688 

0.0400 


0.043 

1.613 

17 

0.050 

1.875 

0.0437 

1.639 

0.048 

»f:W 

18 


2.063 

0.0478 

1.793 

0.053 

1.988 

19 

0.060 

2.250 

0.0509 


0.058 

2.175 

20 


2.625 

0.0581 

2.179 

0.063 

2.363 

21 

0.080 

3.000 

0.0728 

2.730 

0.070 

2.625 

22 

0.090 

3.375 

0.0764 

2.865 

0.077 

2 888 

23 

nVhn 

3 . 750 

0.0800 


0.084 

3.150 

24 

0.125 

4.688 

0.0896 

3.360 

0.091 

3.413 

25 

0.250 

9.375 

0.0992 

3.720 

0.098 

3.675 

26 

0.375 

14.003 

0 . 1088 

4.080 

0.105 

3.938 

27 

28 

■KB 

18.750 

37.500 














See p. 655 for sheet-metals other than zinc. 


Zinc. — The impurities found in zinc may amount to 2 per 
Ttent. of its weight. They are: £b, Fe, Cd, Cu, C, Si, As, Sb, S, 
Sn, Ag, Tl, In and Ga. Tin has been found in New Jersey 
metal. A moderate tenor in Pb makes zinc ductile and malle- 
able, but over 1.5 per cent. Pb renders it tender. Zinc for the 
brass trade should not carry over 0.05 per cent. Fe. Cd is 
objectionable if the zinc is to be used for zinc white. Copper 
and tin both render the zinc hard and brittle. Arsenic renders 
spelter brittle and hard to melt. It is also objectionable in 
zinc which is to be used for generating hydrogen or in cyanide 
precipitation, owing to the danger of poisoning workmen with 
arseniuretted hydrogen. 
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Roasting 


Details of Montana Roabtinq-fornaces 



.3 

1. 

A. 

®-Q 

0 V* 

1 
£ o' 

O 01 

tt * 

% sulphur in 
concentrates 

% sulphur in 
calcines 

Area of hearths, 
sq. ft. 

Concentrates 
per sq. ft. of 
nearth, lb. 

Lb. of coal per 
ton of con- 
centrates 

fi 

is, 

o 0. 

Hand reverberatory, 

69*$ ft. X 16 ft 

13 


i 

35 

I 

7-8 

1112 

12 







Allen-O’Hara, two 
hearths, 94 ft. 0 X 9 ft 

51 

3 64 

35 

8 

1692 

77 

145.0 

0.78 

BrUckner cylinder, 

18- 

1.5 

37 

9.5 



540. 0 1 

1 25 

8 ft. X 16 ft 

20 







1 






14* 

1 5 

32 

7-8 

505 

55 

400 0 

0.98* 


Pearce, double deck, 6-ft. 
hearths 

30 s 

3 0 

35 

6-7 

1010 

59 

400.0 

0.98* 



Pearce, double deck, 7-ft. 
hearths 

42* 

3.0 

35 

6-7 

1218 

• 

69 

182.0 

0.98* 


Keller-Galord-Colc, two 
sets of six hearths 

50 

w 

38 

7-10 

2592 

38 

67.0 




Wethey, two sets of four 
hearths, 50 ft. X 5 ft.. 

60 

4.0 

40 

8 

2000 

60 

110.0 





Wethey, two sets of four 
hearths, 05 ft. X 10 ft. 

90 

4 0 

35 

5-6 

2600 

70 

80.0 


HerreBhoff, five hearths. . 

5—6 


35 

6 

135 

80 


0.40 

MacDougall-Evans- 
Klepetko, six hearths . 

1 40 

1 * 667 

35 

7 

t52 

84 


0.35 

Pearce multiple, 
six hearths 

56* 

12 

35 

6-7 

2947 

38 

28.5 

0.98* 


1 Data obtained from operations of six months at Great Falls. 


1 Average . • 

* These low figures are due to the character of the ore (Gagnon Mine) which 
carries from 8 to 12 per cent, of zinc. The table is by Hofman. 


HANDLING OF FINE ORES AND CONCENTRATES 
IN SALT LAKE VALLEY LEAD SMELTERS 

By L. D. Anderson 1 

Changes in milling surface, particularly the development of 
flotation, have introduced a new set of problems in sintering. 
Although it is felt that these problems have not yet been solved 
in an entirely satisfactory manner this abstract reeprds the 
1929 practice of the Salt Lake Valley smelters. • 

1 New York meeting, February, 1929, A. I M.E. 
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Most of the sulphides smelted today are flotation concen- 
trates, sometimes over 70 per cent, in lead. They are extremely 
fine, many mills grinding the ore so that from 60 to 80 per cent, 
will pass through screens of 200 mesh. The physical condition 
is often disconcerting to the smelter metallurgists. Some are 
of about the consistency of putty. Others are of a sticky, 
slimy nature. Others again, dried to the limit, are powders. 
Since the down-draft sintering charge must be porous enough 
to let air be drawn through it reasonably well, must be 
thoroughly mixed, and must have some coarse material in it to 
segregate out and form a layer on the grates, it will be under- 
stood that this extremely fine material has made necessary 
still further elaboration in the equipment and processes of 
preparing sulphides for the blast furnaces. The high metal 
contents of the concentrates also caused incipient fusion of 
the lead which fritted the material, closed off the passage of air 
and ended the roasting operation before the necessary amount of 
sulphur had been removed. In addition the resultant sinter 
was weak and friable so that the blast furnaces which had been 
running freely with the old hard sinter from crude sulphides 
were choked. 

Double Roast.-^Probably the biggest step in the solution of 
the above problem came in the development of the “double 
roast,” wherein after a first rough sintering the entire mass 
resulting is crushed and sintered again, usually with an admix- 
ture of a small 'percentage of new material, both sulphide and 
oxide. It probably developed from the practice of screening 
the sinter and returning the lines to the charge for resintering. 
As the sinter from fine concentrates began to get weaker and 
weaker the proportion of these fines became greater and greater 
until finally some one hit upon the idea of returning the entire 
first sinter for a second sintering, adding just enough new 
sulphides to bring the sulphur content up to a point where it 
would ignite again. It was found that the “pop-corn ” particles 
from the first roast were effective in opening the charge for the 
passage of air. The second sintering also brought the sulphur 
down in the final product to about half of what it was in the 
^first sinter. The lumps of sticky concentrate which did not 
sinter the first time over were at least dried so that they mixed 
better with the second charge. 

As observed in the Salt Lake Valley this second or double 
sinter is a decidedly better product than that which was 
obtained when fine concentrates were first sintered. It is 
still rather weak as compared to that made from crude sulphides. 
Two materials have from time to time been added to the changes 
to strengthen the sinter, namely crushed or granulated slag, 
and rna/te. Although these materials undeniably do strengthen 
the sinter, their use is not always an ultimate economy. 

Reduction of Double Sinter. — Reduction of the double sinter 
in the blast fumade seems a little more difficult as fairly high 
percentages of coke are used together with considerable scrap 
lrPn. The three smelters arc using on the average about 13 
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per cent, of a by-product coke running 85 to 87.5 per cent, fixed 
carbon. At times the amount used is as low as 12 per cent., 
or less, and occasionally up to 14 per cent, or more. The 
amount of scrap iron used on the charge has considerable in- 
fluence on the amount of coke found necessary for good 
reduction. 

High blast pressures prevail generally. In fact, the plants 
use pressures which are reported as reaching at times heights 
twice as great as those considered safe a few years ago. Tooele 
has been using a blast pressure of 44 oz. per sq. in. and Midvale 
about 48 to 52 oz., measured at the blowers. Murray operates 
on the principle of a fixed amount of air per minute iettmg the 
blast pressure go where it will, within bounds. This is some- 
what the practice at Midvale although there the maximum 
is limited to 52 oz. At Murray, it is stated, it has gone to 60 
and 70 oz., and even more, momentarily. This is quite an 
innovation when compared to the old practice of keeping the 
pressure fairly uniform, regulating the quantity to so maintain 
it. Ten years ago the blast pressures were more commonly 
in the neighborhood of 36 to 42 oz. 

Piston blowers are used to obtain these pressures, cycloidal 
blowers having too great a slip. With a charge composed mainly 
of sinter, and that weak and friable though porous, the blast- 
furnace charge column now has a multitude of small passages 
for the blast instead of the comparatively smaller number of 
larger passages existing in the days of strong sinter in large 
cakes. While the actual amount of air per ton of charge is 
probably no greater, if not less, than in former days nevertheless 
the resistance is very much greater, hence the higher pressures. 

These higher blast pressures although difficult to handle, 
together with the higher percentages of lead on the charges, 
have naturally resulted in fast running and new records in 
tonnages per square foot of*hearth area. Without taking into 
account the so-called “ concentration ” charges for resmelting 
matte, which always ran extremely fast, the present rate of 
smelting puts through 5 to 6 tons of charge exclusive of coke, 
per square foot of hearth area per 24 hr. Five tons is about 
the general average, day in day out, without allowance for # 
lost time. Naturally at times when the furnaces have become 
well “crusted up” and approach the ends of their campaigns, 
the rate is not so good. On the whole, however, there has been 
a gain in speed. This, plus the higher percentage of lead on 
the charges, has in turn brought about a rapid running of 
bullion from the lead wells. The furnaces need close watching 
for if they do start channeling or blowing through the effect 
is rather startling. Nevertheless, they run surprisingly quietly 
with the high blasts. 

Roasting Equipment. — At the Tooele smelter of the Inter- 
national Smelting Co. all lead plant roasting is at present done 
on 10 Dwiglit-Lloyd machines, four of whidti are used for the 
first or rough roast sinter and six for the finished sinter. The 
proportioning of the charges is effected in the conventional 
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manner by individual feeders from the respective bins, all 
discharging onto one common belt conveyor. Most of these 
feeders are of the revolving disk, or modified Challenge type. 
For sticky concentrates, however, rubber belt feeders have 
been installed under separate auxiliary hoppers. Concen- 
trates drop into these hoppers from the overhead bins. By 
this means an opening is left between the hoppers and the bins 
through which a pokebar can be manipulated to bring down 
the concentrates when they hang up in the bins above. In 
addition to this pokebar is a piece of pipe attached at one end, 
through a valve, to a length of air hose, making it possible to 
use compressed air to further assist in dislodging hung-up 
material. This whole arrangement is quite helpful. The 
first conveyor collecting material from the feeders discharges 
into a larger mixer. This is like a very flat inverted frustum of a 
cone. Four arms driven by bevel gears and having plows 
mounted in them turn the charges over and work them into 
the central discharge hole through which they drop on to the 
conveyor belt leading up into the sintering building proper. A 
third conveyor belt distributes the charges into the respective 
machine hoppers by means of a traveling tripper. From these 
hoppers the material is fed onto the machines by adjustable 
revolving disk feeders. A reciprocating swinging chute 
distributes the charge uniformly across the width of the sinter- 
ing machine pallets. The same device is used at the Midvale 
plant of the United States Smelting, Refining Mining Co. 

For ignition all three of the valley smelters use a furnace fired 
with coke breeze and supplied with a gentle blast of air. T-he 
uptake of this furnace makes a complete 180 deg. turn, dis- 
charging the gases of combustion downward on the moving bed 
of charge on the sintering machine. This furnace has proved 
to be a great help in getting a good ignition of the charges being 
in fact much better than the oil-fi^ed muffles originally used. 

The entire first sinter, fines and all, is taken to the sulphide 
mill in railroad cars and crushed down to to % in. size. 
After this crushing it forms about 70 per cent, of the second or 
finishing sinter, the remaining constituents of which are about 
^10 per cent, siliceous diluent, 10 per cent, crude sulphides and 
10 per cent, miscellaneous. Or discharging from the machines 
the sinter drops over a grizzly with ?£-in. openings into railroad 
cars for transport to the blast-furnace charge bins. The return 
fines through the grizzlies go back to the first or rough sinter 
where they are of benefit in opening up a charge which would 
be pretty dense otherwise, composed as it is of floatation concen- 
trates, both oxide and sulphides, dust from the Cottrell precipi- 
tator, fine diluent, and such like. The first sinter charges 
run abput 12^ to 13 per cent, sulphur and are roasted down to 
about 6 per cent., while the finishing charges run about 9 
per cent, sulphur and are roasted to as low as 1.7 per cent. The 
importance of getting the finished roast as low as possible in 
sfdphur so, as to keep the matte fall from the blast furnaces 
low is self-evident. 
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At Murray, multiple-hearth roasters of the Wedge type are 
used to preroast high-sulphur concentrates, such as pyrite, 
before submitting them to the sintering treatment. These 
iron concentrates are particularly troublesome to sinter, making 
weak cakes unless mixed in the proper proportions with other 
material of better sintering qualities. Dusting was particularly 
troublesome on these roasters until the adoption of a mech- 
anism for moistening the calcines as they were discharged. 

One detail of practice at Murray which has been helpful in 
the handling of the troublesome flotation product is the manner 
in which it is bedded with crushed crude sulphides in the unload- 
ing bins before transport to the charge bins of the sintering 
plant proper. By this means the drier and coarser crushed 
crude sulphides add their characteristics to the wetter and finer 
flotation concentrates resulting in a mixture which can be 
carried on the conveyor belts to the charge bins and out on the 
feeder belts without too much trouble. 


Fuel Used in Firing the Dwight-Lloyd Sintering Charge 

The use of oil for starting the roast in the Dwight-Lloyd 
palates is attended with excellent results. 0?. H. Hamilton used 
.50 to .78 gal. of oil per ton of sinter produced, the larger amount 
being used when the charge contained a large excess of highly 
oxidized iron fines (Min. and Met., November, 1925). 

When oil is cheap no better starting fuel can be used, but it 
must be cheap to compare with powdered coal. With oil at 

7.5 cts. per gal., using .73 gal. per ton of sinter produced the 
cost of fuel for the starting torch is 5.5 cts. per ton of sinter 
produced. 

With coal at $3.75 per ton, plus $1.00 for pulverizing, using 

7.6 lb. of coal per ton of sinter, the cost is about 1.9 cts. per ton 
of sinter produced. 

Oil of 28 to 32° B6., or 7.4 lb. per gal., gives about 19,580 
B.t.u.’s per lb. 

Powdered coal at $5 per ton gave 14,000 B.t.u.’s per lb. and 
coke at $12 per ton gave 12,784 B.t.u.’s per lb. 

At 7.5 cts. per gal., 1 ct. .spent for oil will supply 19,45© 
B.t.u.’s. 

At 10 cts. per gal., 1 ct. spent for oil will supply 14,500 
B.t.u.’s. 

At $5 per ton, 1 ct. spent for coal will supply 56,000 B.t.u.’s. 

At $12 per ton, 1 ct. spent for coke will supply 21,000 B.t.u.’s. 

Thus powdered coal gives two and a half times as much heat 
per unit cost as coke or even oil at 7.5 cts. per gal. 

If we assume that 600 tons of sinter are made per day the 
fuel cost will be: • 
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Powdered coal possesses an advantage in that any particles 
of coal not immediately and completely burned are filtered out 
and remain in the upper surface of the cake until consumed. 

Formation of Zinc Ferrite in Roasting. — In roasting marma- 
tites it may be assumed that all of the iron will be united with 
zinc to form ZnOFe 2 0 3 . Therefore each unit of iron will 
render 0.584 units of zinc insoluble. In roasting ores where 
the iron is present as pyrite to pyrrhotite each unit of iron will 
render 0.40 to 50 per cent, of zinc insoluble. 

The Roast-Reaction Process. — The reactions are formulated 
as: 

PbS + PbSCh = 2 Pb + 2S0 2 . (1) 

PbS + 2PbO - 3Pb + S0 2 . (2) 

PbS + PbS0 4 = 2PbO + SO*. (3) 

In the Huntington-Heberlein process the following reaction 

takes olace: 

PbS + 3PbS0 4 = 4PbO + 4SO*. (4) 

The first reaction given above was found to be reversible 
and to lead to an equilibrium; the following being the reaction 
tensions of the S0 2 ^ 

600°C 30 mm. Hg. 

650 °C. 143 mm. Hg. 

700 °C .442 mm. Hg. 

725°C .... 735 mm. Hg. 

The activity of the reaction varies very considerably in a 
small range of temperature, and at any temperature within 
this range is dominated very strongly by the partial pressure 
of the SO*. 

The second reaction was also found reversible with equilib- 
rium under the following conditions of S() 2 tension: 

700°G .10 mm. Hg. 

750°C. 35 mm. Hg. 

800°C .99 mm. Hg. 

825°C 286 mm. Hg. 

* 850°C . . 550 mm. Hg. 

875°C 850 mm. Hg. 

This second reaction takes practically 150° higher temperature 
to make it go than the first. At 800°, PbS showed signs of 
volatilizing, and at highei temperatures vaporized rapidly. 
Also, the metallic lead formed in these reactions can dissolve 
PbS in the melted state, and this solubility interferes or dis- 
turbs the normal course of the reactions to some extent. 

The tHird reaction possesses no equilibrium temperature up 
to pressures of S0 2 of one atmosphere; it is possible, however, 
that such # occurs fon higher pressures. As it is, from 550° on 
thc 6 reaction proceeds irreversibly. The same is true of the 
fourth reaction. 
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In roasting PbS the concentration of the S0 2 has a great 
influence on the product; from 600° and pressure of 30 mm. to 
720° and pressure of 760 mm., PbS0 4 tends to form; at lower 
tensions of S0 2 at these temperatures PbO forms; from 700° 
at tensions of S0 2 below 100 mm. Pb forms, and above 880° 
Pb forms with any tensions of S0 2 . 


Speiss Treatment 

The treatment of speiss, has always been a complicated 
problem. Clarence P. Linville gives a resume of a success- 
ful method of treatment used by the A.S. <fc R. Co. {Min. 
and Met. f January, 1926). The speiss carried 30.1 per cent. 
Cu; 21.4 Pb; 10.0 Fe; 9.1 NiCo; 18.7 As; 4.6 Sb; 3.4 S; 2.1 
Zn, etc. ; Ag and Au 201.76 oz. p.t. This was crushed to — 1 in., 
mixed with 20 per cent, of its weight of sulphur and charged 
into a magnesite-bottomed, oil-fired reverberatory. The 
mixture of speiss and matte thus formed runs into the body of 
the furnace, from which it is tapped into slag pots, cooled 
and the speiss and matte broken apart. About 70 to 80 per 
cent, of the sulphur is used, and some arsenic is driven off, 
but over 90 per cent, of the arsenic will be found in the concen- 
trated speiss. The limit of concentration is reached at about 
45 per cent, combined arsenic and antimony. The order of 
removal of metals from the speiss is Pb, Cu, Fe, Co, Ni. 

To roast the concentrated nickel speiss to drive off arsenic 
usually leaves too much arsenic present to admit of easy recov- 
ery of the heavy metals. Therefore it was found best to grind 
the speiss fine and mix with sufficient soda-ash to combine 
with all the arsenic and sulphur present and part of the anti- 
mony. Under a low temperature oxidizing roast, all the sulphur 
is converted to sodium sfllphate, all the arsenic to tri-sodium 
arsenate, and a portion of the antimony to sodium antimoniate, 
while the metals present are completely converted to oxides. 
If now the roast product is leached with water, the soluble 
sodium sulphate and tri-sodium arsenate dissolve and can be 
almost completely removed by settling and filtration from the 
residue of metai oxides and. sodium antimoniate, which is 
insoluble in water. 

When attempting to get a high-grade tri-sodium arsenate 
from such material, we found that the sodium sulphate present 
was an interfering material, which crystallized with the tri- 
sodium arsenate. To get rid of sulphur, it was necessary to 
give a preliminary oxidizing roast; which removed part of the 
arsenic from the speiss and almost all of the sulphur. This 
roast is not necessary except for the removal of ^sulphur, 
as the arsenic can be completely removed by soda roasting 
even when large amounts of sulphur are present. 

Production of Tri -sodium Arsenate. — The sodiiyn arsen- 
ate is extremely soluble, but at the same time much of 4he 
insoluble speiss residue is of a colloidal nature, rendering it 
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difficult to settle or filter. The proper method of handling 
the solution and washing would be to use Dorr thickeners ana 
wash counter-current, drawing the almost saturated clear 
solution of tri-sodium arsenate from one end, and underflowing 
completely washed speiss residue from the other. It was found 
that the solution of tri-sodium arsenate always was slightly 
colored with copper, even though the reaction was alkaline; 
this gave a decided green color to the crystals made. This 
trouble was overcome by using sodium sulphide in the clear 
solution. The amount necessary was extremely small, not 
over 1 or 2 lb. per ton of speiss. The copper could not be 
removed by adding the sodium sulphide to the mixture in the 
dissolving tank, but was very efficient when added to the clear 
solution. The precipitated copper sulphide had to be removed 
by filtration, but it took considerable time to fill a press. The 
clarified copper-free solution was run to a storage tank, from 
which it was fed by gravity to the evaporating pans. The 
pans were filled and refilled until finally each would be about 
half full of a heavy syrupy liquid, which was tested by pour- 
ing a small sample upon a clean iron plate; if it set up solid 
within a minute or so, the charge was considered finished 
and was run out„into drums. After standing for about 24 
hr., these drums were solid and ready for shipment. The 
first product obtained solidified in two layers, and analysis 
showed that there was considerable difference between tops 
and bottoms. 

The residue is taken, without drying, mixed to as thick a mud 
as can be handled, and allowed to feed into a mixer where it is 
mixed cold with 66° sulphuric acid in such excess that, when the 
mixture is heated to complete the sulphating reaction, the 
result will be a creamy mass thin enough to flow in a stream 
from the sulphating tool. This consists of a drum 8 ft. long 
and 4 ft. in diameter, closed at the efids, and mounted on wheels 
so that it can be slowly rotated. The residue-sulphuric acid 
mixture flows slowly and continuously in at one end, mixes 
with the bath of hot sulphated material in the drum, and an 
equal amount of completely sulphated mass flows out at the 
^other end. The operation is continuous. The sulphated 
‘material drops info a tall cone-bottom dissolving tank, con- 
stantly agitated with air. The free sulphuric acid in the 
sulphate material is sufficient to keep the solution near the 
boiling point. The soluble metals, including the antimony, 
are almost instantly dissolved. On dilution, the antimony 
slimes out again as a white basic precipitate. The solution 
carrying most of the insoluble material in suspension overflows 
from a point near the top of the dissolving tank, and is carried 
to a settling and washing system. Some heavy unsulphated 
lumps accumulate in the dissolving tank and must be removed, 
from time to time, by opening a valve at the bottom of the 
cone and allowing* the heavy material to wash out. This 
material ii, returned to process, usually to the feed to the soda- 
roast furnace. 
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Lead Roasting Furnace Dimensions' 


Long-bedded Hand-roasting Furnace with Level Hearth 


Length of hearth 

Width of hearth 

Hearth area, eq. ft 

Length of grate 

Width of grate 

Grate area, sq. ft 

Ratio hearth to grate area 
Space above fire bridge, length 

and width 

Space above flue bridge, length 

width 

Height of fire bridge above hearth 
Height of roof above fire bridge . 
Height of flue bridge above hearth 
Height of roof above flue bridge. 
Depth of grate below top of 
bridge 

Character of ore j 

Depth of charge near flue bridge 
Time ore remains in furnace, hr 
Tons of raw ore per 24 hr. 

Lb. ore roasted sq. ft. of hearth 

area 

Character of roasted ore 

Per cent. S in roasted ore. . . . 


I 

II 

III 

.. 

60' 

66' 

75' 

14' 

16' 

14' 

840 

1056 

1150 

8' 

7' 9" 

8' 

3' 4" 

2' 6" 

3' 6" 

14. 6* 

19.4 

28 

57.5:1 

54.5:1 

41:1 

7' 9"X2' 2" 

7' 9"X2' 2" 

2' 6"xr 

No flue bridge 

4' 2"X8" 

No flue bridge 

14" 

12" 

20" 

18" 

20" 

12" 


6" 



15" 


j 14" 

15" 

17" 

; M galena 

Matte 

Pyritio 

Vi pyrite 

Concentration 

Galena 

5" 

32 

A 

21 

8.1 

12 

9 

20 

21 8 

15 65 

Partly 

Pulverulent 

Partly 

sintered 


sintered 

12 

2-5 

3 


Brick used. Clay brick inside, red brick or second-class clay brick. 
Average thickness of side walls. 18 to 30 in. Thickness of roof, 0-15 in. 


1 "Metallurgy of Lead," H 0. Hofman. 

2 Not clear how this figure is obtained. 


Roasting Table** 

1 kg. FeS becomes 0.900 kg. Fe 2 0 3 
1 kg. FeS 2 becomes 0.067 kg. Fe 2 0 3 
1 kg. PbS becomes 1.268 kg. PbSCh 
1 kg. CaCOs becomes 0.560 kg. CaO 
1 kg. MgC0 3 becomes 0.476 kg. MgO 

3 Ingalls, “Metallurgy of Zinc." 
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Length op Time Consumed in Burning Heaps of Various 
Heights 1 


Height 
in feet 

Quality of 
ore 

Sample 

number 

Per oent. 
sulphur 

Per cent, 
copper 

Days 

burning 

6 

Pyrite 

1 

39 


54 

5 

Chalcopyrite 

2 

IS 

14.3 

41 

5 

Bornite and pyrite 

3 

31 

21.4 

53 

5 H 

1 

39 

6.5 

66 

5H 


2 

18 

14.3 

50 

5H 


3 

31 

21.4 

65 

6 


1 

39 

6.5 

72 

6 


2 

18 

14.3 

61 

6 


3 

31 

21.4 

74 

7 


1 

39 

6.5 

94 

7 


3 

31 

21.4 

86 

7M 

Copper glance and pynto 
in quartz.. . 

4 

20 

23.4 

54 


1 Peters, “Modern Copper Smelting ” 


Ignition and Incandescence Temperatures, Deg. C., of 
Some Metallic Sulphides, Heated in Air 1 


— | 

Material 

* 

Size of 
grain 

FirBt notice 
of SO* 

Incan- 

descence 


I 

325 


Pyrite . 

II 

405 

533 

III 

472 



I 

430 


Pyrrhotite 

II 

625 

595 

III 

590 


Nickel sulphide, 

Ni, 73 3 

I 

II 

700 

802 


S, 26 7 

III 

886 


Cobalt sulphide 

Co, 66 37 

I 

674 


II 

684 


S, 33.63 

III 

859 


Cobalt sulphide 

Co, 70.20 

I 

514 


* II 

751 

850 

S, 29 . 80 

III 

1019 


Stibnite 

I 

200 



III 

340 


Molybdenite. ... 

I 

240 


III 

508 


Cinnabar 

I 

338 



III 

420 


*Chalcocite 

I 

430 



III 

679 


Bismuth sulphide 

I 

500 


Bi, 83 . 3 

III 

626 


Manganese sulphide, 

I 

355 


Mn, 61.01, Fe, 2.02, S, 33.98 

III 

700 


Argentite 

I 

605 


III 

875 


Blende 

I 

647 



III 

810 


Galena (a) 

I 

573 



III 

616 


Millorite 

I 

573 



III 

616 




I Hofmav, “ General ‘Metallurgy,” p 104 
#»I =01 mm. 

II = 0 1 to 0 2 mm 
III = over 0.2 mm. 

(«) In oxygen. 
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Desulphatization op Anhydrous Metallic Sulphates 1 


Metallic 

sulphates 

Tempera- 
ture of 
beginning 
of decom- 
position, 
deg. C. 

Tempera- 
ture of 
energetic 
decom- 
position, 
deg. C. 

Products of 
decomposition 

Remarks 

FetfSOO* 

Fe«0».2S0* . . . 

167 

480 

FeaOi.2SOs. 

Yellow brown. 

492 

500 

FeaOi 

Red. 

BisCSOOi 

670 

C39 

5Bi 2 Oa‘4(SOi)i. 

White. 

AhCSOm.. 

590 

639 

AhO. 

White. 

PbS04 

637 

705 

6PbO-5SOi . 

White. 

CuSC>4 

653 

670 

2CuOSOi. 

Orange color. 

MnSC>4. . . . 

699 

790 

Mn#C>4. . . 

Dark red to black. 

ZnS04 

702 

720 

3ZnO-2SO« 

White, cold and hot. 

2CuO-SO« 

702 

730 

CuO 

Black. 

NiS04 

702 

764 

NiO. . . . 

Brownish green. 

C 0 SO 4 

720 

770 

CoO 

Brown to black. 

3ZnO*2SO> 

765 

707 

ZnO. 

Hot yellow, cold 
white. 

CdS04 

827 

846 

SCdOSOi 

White. 

5BijOi*4(SOa)« 

870 

890 

Bi 2 C)«(?l 

Yellow. 

5CdO-SOi 

878 

890 

CdO. 

Black. 

MgS04... . 

890 

972 

MgO . 

White. 

AksS 04. . 
OPbO-5SO. 

917 

925 

Ag. . 

Silver white. 

v 952 

902 

2PbOSOj(?) * 

White to yellow. 

CaS04. .. . 

1200 


CaO 

White. 

BaS04 

1510 



BaO 

White. 


1 Hof man, “General Metallurgy.’ ’ For additional data on decomposition 
see pp. 360, 361 and 696, 


Dissociation Tensions of Sulphates at Various Tempera- 
tures. Expressed in Millimeters of Mercury 


Temp., I 
deg. C. | 

Fea(S04)« 

CuS04 

A1 2 (S0 4 )3 

2CuO*SO« 

ZnSO* 

L - 

550 

600 

650 

675 ! 

700 | 

725 

9 8 

22 8 

68 0 
94.0 
219.0 

25.5 

28 7 
37.7 

50.5 
71.0 

148.0 

9 8 

10.0 

25 8 
. 34 0 

50 0 

82.0 

' *27 6 

33 0 

30 0 ’ 
39.0 

0 5* 
0.8 



46.0 

7 5 

750 

775 

800 





n 5 



1 

85.6 

24 0 




696 METALLURGISTS AND CHEMISTS’ HANDBOOK 

» 

Dissociation Temperatures of Certain Earths and Salts 

The following dissociation temperatures were obtained by W. 
Hempel and C. Schubert, and were determined by heating in 
an electric oven and determining the end points by the evolved 

f as volumes. The temperatures were determined with a 
ieCh atelier pyrometer. (See also p. 695.) 


Material 


Beginning of End of 
decomposition decomposition 


Brown iron ore 

Hematite 

Lead peroxide 

Potassium permanganate . 
Potassium bichromate . . . 

Lead chromate 

Potassium nitrate 

Sodium nitrate 

Spathic iron ore 

Strontianite . . 

Magnesite 

Blende 

Pyrite 

Copper sulphide 

Arsenical pyrites 

Copper pyrites 


470-500°C. 

1250 

290 

160 

600 

500 

400 

380 

470 

1075 

350 

150-175 

480 

220 

220 


1280 °C. 
1500 
640 
1400 
1150 
1500 
950 
725 
880 
1340 
900 
360 
over 1400 
550 


720° 


Efficiency of Roasting Apparatus 1 


Apparatus 

Lb. ore treat- 
ed in 24 hr. 
per sq. ft. of 
hearth area 

Character of 
product for 
blast-furnace 
Bmelting 

I. Roast heaps and stalls 

5-20 

Good. 

II. Reverberatory roasters: 



1. Hand furnaces 

24-35 

Fair. 

2. Mechanical furnaces. 



Average conditions 

33-75 

Too fine. 

Special conditions 

150 

Too fine. 

3. Revolving cylinders 

128 

Too fine. 

III. Blast-roasting pots, range 

500-900 

Excellent. 

Blast-roasting pots, excellent . 

600 

Excellent. 

IV. BlgLst-roasting, thin layers : 



Dwight-Lloyu system 

1. Intermittent down-draft pans. 

1000-2000 

Excellent. 

2. Continuous sintering machines 
— £ : 

2200-3000 

Excellent. 


> Hofman, “General Metallurgy,” p. 433. 
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Metallurgical Slags 

In metallurgy, slagging is the formation, at elevated tem- 
peratures, of any fluid or semi-fluid mass, with the separation 
from it of a metal or metalloidal residue. Slags may be waste 
products, as in lead, iron or copper smelting in the blast furnace, 
or they may be extremely rich in products which must be 
retreated, as the slags from copper-refining furnaces or from 
slimes smelting. 

The ordinary constituents of the metallurgist’s slags may be 
grouped as follows: 

Bases: FeO, CaO, Cu 2 0, PbO, MnO, ZnO, MgO, BaO, K 2 O t 
Na 2 0, A1 2 0 3 (sometimes). 

Protecting agents: S, As, Sb, Te, Sc. 

Reducing agents: C, S. 

Acids: Si0 2 , A1 2 0 3 (sometimes). 

Neutral solvents: CaF 2 , Na 2 CO a , K 2 C0 3 , CaCl 2 , borates. 

Slag Degree. — The metallurgist names his slag by the rela- 
tive amounts of oxygen combined with acid and base. Thus 
a bisilicate slag is FeO Si0 2 , since there is twice the oxygen 
combined with the silica as with the iron. It follows, then, 
that the bisilicate of the metallurgist is the silicate of the chem- 
ist. A metallurgical monosilicate is (Fe0^ 2 -Si0 2 ; a sesqui- 
silicate (FeO)*- (Si0 2 ) 3 . 

Iron. — Within reasonable limits, the larger the amount of 
iron the more fusible the slag. Slags rich in iron are dangerous 
in a lead furnace, as high iron seems to promote the formation of 


Degree C 
1300 



1200 

1160 ; 

1100 

I 

£1050 

0 10 20 80 40 60 60 70 80 90 100 
Percent Silica 

Formation temperatures of fer- 
rous silicates. (Hofman.) 



Formation temperatures of fer- 
rous silicates. (Hofman.) 


crusts. But high iron is considered a necessity, by some, when 
zinc is present, as it is said high iron promotes the solution 
of ZnO. 

Pyrite — loses one atom of sulphur and enters the matte to 
the extent of 70 per cent, or over, except in pyritic sjnelting. 

Manganese. — In general its effects are similar to iron, butit 
makes a less fusible and more liquid slag than iron. It should 
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Formation temperatures of ferrous silicates. 


Lower line — Sintering temperatures. 

Upper line — Temperatures of complete fusion. 



0 1G> 20 80 40 60 

• Percentage of CaO 


Formation temperatures of some ferrous-calcic silicates. 
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be used with as acid slags as are economical. It seems to carry 
silver into the slag. It reduces the dissolving power of the 
slag for zinc oxide, magnesia and barium sulphide. The luster 
of an Mn slag is usually glassy and small particles are attracted 
by a magnet. 

Lime and Magnesia. — Lime decreases (after a certain point) 
both the fusibility and the specific gravity of slags. In lead 
smelting it seems to inhibit the formation of speiss and matte. 
It is said to enter mattes as CaS. Burnt lime seems to offer no 
advantage over limestone. Magnesia replaces lime to a con- 
siderable extent, but magnesia and zinc are incompatibles. 
The Mg slags usually do not flow well. 

Fluorspar. — Forms extremely fusible slags and will dissolve 
anything. 

Alumina. — Apparently acts as a base if much silica is present, 
as an acid if the silica is low, always as a nuisance. In my own 
work it has seemed to make a most unhappy mixture with high 
magnesia. Some successful slags with high alumina are given 
on p. 706. It may be only an accident that they were successful. 
In iron practice, Mr. Menk of the Shenango Furnace Co. has 
run slags carrying 18-23 per cent, of A1 2 0 3 , but they were tough 
and pasty, and coke consumption was high, tin the other 
hand, a slag carrying 10-15 per cent, of ALOx usually is a better 
running slag than one carrying only 7. That is, there is a lower 
danger line as well as an upper. 

In some work done by the Bureau of Mines, slags containing 
up to 49.5% of A1 2 0 3 were produced with melting points of 
1421°C. This slag carried CaO, 47.5; A1 2 0 3 , 49.5; Si0 2 , 3.0. 
This was in an attempt to produce iron f rom ferruginous baux- 
ites, using the slag as a source of aluminum. (Bureau of Mines, 
Tech. Paper 425.) 

Barium. — It enters slag as silicate and matte as sulphide, 
making the former heavy , the latter light, and thereby hindering 
settling. A barium-iron slag is usually not very fluid, is opaque, 
steel gray to black, with vitreous luster, and usually is strongly 
magnetic. 

Blende and Zinc Oxide. — The most successful practice with 
high-zinc slags is that at Cockle Creek and Port Pirie, Australia. 
Some of the type sings arc given in the following table, together* 
with some from Colorado practice recommended by Furman. 
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C . C . 

P.P. 

P.P. 

P.P. 

1 P. 

P . 

Fur. 

Fur. 


1903 

1918 

1922 

1922 

| 1927 

1803 

1893 

Si0 2 

22.0 

23.4 

20.7 

18.4 

22 

3 

26.0 

26.4 

FeO 

MnO .... 

} 33.5 

34 . 4 { 

28.0 

4.5 

20 . 3 \ 

5 1 / 

29 

6 

33.4 

22.7 

CaO 

MgO 

13.0 

4.0 

12.2 

tr 

11 6 
2.0 

8.9 j 

14 

4 

14.4 

24.4 

ALOs 

8.0 

5.0 

6.2 


6 

3 



ZnO 

14.5 

20 1 

20.9 

33.3 

21 

8 

19.8 

21.0 

S 

3.0 

2 5 

2.7 


2 

1 



Cu 



0.19 






As, Sb 



0.07 






Cl 



0.08 






Pb 

1.2 

1.5 








Clean roasting is a necessity in these high-zinc slags. As the 
zinc increases thf, lime and silica must be cut. If the slag 
carries over 3}^ or 4 per cent. S, zinc mush makes its appearance. 

Philip S. Morse, in commenting on these high-zinc slags 
0 Proc . A.J.M.E., February meeting, 1929) says that iron is 
undoubtedly a carrier of zinc and believes that the zinc oxide 
goes off as iron and alumina spinels. G. C. Stone states 
that these slags were calculated on the O of the zinc being one- 
third that of the O in Fc 2 0 3 and A1 2 0 3 and the O of the Si0 2 
equal to the O of the MgO, CaO and MnO. 

Silicon.— While the problem of the non-ferrous metallurgist 
is ordinarily only that of getting rid of the silica as a fusible 
slag, the iron smelter has the additional one of controlling the 
amount of silicon in his product. Since the reduction tem- 
perature of silicon is higher than that of iron, higher tempera- 
tures are necessary to secure increasing silicon. As a corollary 
it then follows that to raise the temperature of the slag (by 
addition of alumina preferably) will raise the amount of silicon 
*in the iron. 

In iron practice the addition of magnesia will often lower the 
melting point of the slag and decrease the silicon in the iron. 
This is particularly important in the manufacture of basic pig. 

Phosphorus. — In iron practice it may bo safely assumed that 
100 per cent, will enter the iron, but in matte smelting it appears 
that over half will enter the slag. 

Arsenic, Antimony, Selenium and Tellurium. — Tend to form 
speiss; are of more trouble in the subsequent refining than in 
smelting, except in so far as they volatilize easily and tend to 
carry off other metals. 

Fusion Temperatures of Ferrous-calcium Silicates. — The 
da/, a on the fusion temperatures of ferrous-calcium silicates 
are conflicting. 
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The accompanying illustration shows the two best sets of 
data plotted on one triaxial diagram. The full lines represent 
the fusion temperatures according to Hofman and Babu, 7 Vans. 



Formation temperatures of Ferrous-Calcium Silicates 


A.I.M.E., Vol. 29, 682; the dotted lines according to Kern and 
Loo, Trans . A.I.M.E., Vol. 76, pp. 494-522. 

There are certain temperatures marked “C.” While the 
temperatures arc “centigrade, ” the “C’s” stand for Campbell, 
who determined these isolated points. The numbers along the* 
lines are degrees Centigrade. 

It is probable that much of the discrepancy in these results 
comes in as a result of the oxidation of some of the FeO to 
FejOs, gives a quaternary system instead of a ternary. 

In general, the use of additional bases will lower the melting 
point of a slag. Thus, in a ferrous-calcium silicate, the replace- 
ment of a portion of the iron by manganese, or of a portion of 
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the calcium by magnesium, or by barium, will result in a more 
fusible slag. 

Copper Losses in Slag. — An interesting series of articles by 



Frank E. Lathe was published on this subject in the Engineer - 
• ing and Mining Journal of Aug* 7, 14 and 21, 1915, to which 
reference should be made for complete data. In general, how- 
ever, the conclusions that he appears to consider well founded 
were that the loss of copper in the slag increases directly with 
increasing matte tenor; that the loss in the slag decreases 
directly as increasing silica tenor, unless the matte be over 50 
per cent. Cu; that probably 50 per cent, of the copper lost was 
as oxide and was due to overoxidation; that slags containing a 
large amount of metal with a high affinity for sulphur were 
likely t6 carry considerable copper (this would account for the 
effect Mn is sometimes supposed to have on a slag). 
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Specific Gravities of Slag -forming Compounds . 1 

Singulo-silicates of iron, manganese and zinc, about 4. 
Bisilicates of iron, manganese and zinc, about 3.5. 

The basic silicates of alumina, from 3.2 to 3.4. 

The acid silicates of alumina, from 3 to 3.2. 

Silicates of magnesia, from 3 to 3.3. Silicates of lime, from 
2.6 to 3. 

Alkaline silicates, about 2.5. Uncombined silica, 2.6. 
Bisilicate of barium, 4.4. Silicate of lead, 7. 

Ferrous sulphide, 4.8. Calcium sulphide, 4. 

Magnetic oxide, 5. Sulphate of barium, 4.5. 



Formation temperatures, AI2O3-S1O2 series 
(After Shepherd and Hankine ) 

1 Hofman’b “General Metallurgy,” p 74 
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Freezing temperatures, CaO-SiO'2 series. 
(After Shepherd and Day.) 
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Sulphides 


Given 

Required 

Factor 

Given 

Required 

Factor 

Cu 


1.252 

FeS* 

S (total) 

0.5342 

Cu 

S (to make CutS) 

BEM 

FeB* 

FeS (FeS* -FeS +S) 

0.7329 

Cu*S 

Cu 

0.7987 

Pb 

PbS 

1.155 

Cu*S 

S 


PbS 

Pb 

0 . 8658 

Fe 

FeS 

1.574 

PbS 

Fe (PbS + Fe- 

0 . 2339 

Fe 

S (to make FeS) 

0.5735 


FeS + Pb) 


FeS 

Fe 


S 

Cu (to make Cu*S) 

3.968 

FeS 

S 

0.3645 

S 

CutS 

4.968 

FeS 

FesOa 


S 

FeS 

2.744 




s 

FesOa (required for 

2.493 





FeS) 



Alumina Slags (according to Henrich) 



SiO* 

AljO* 

FeO 

CaO 

"Singulo” slag (FeO)* (CaO)a (AhO*)* (SiO?)*. 
“Sesqui " slag (FeO)e (CaO)a (AljOi)* (Si 0*)a 
"Bi” slag (FeO) ■ (CaO)* (AljOa)* (SiO*)* 

16.05 
27 15 
35.12 

18.22 

15.31 

13.21 

25.73 

32.32 

37.17 

40.00 
25 22 
14 50 


Some Pyritic Slags 1 


Made by 

SiO* 

Fe 

AljO* 

CaO 

MgO 

Ag 

Cu 

Walter E. Koch. .... 

— 

41-45 

27-31 

5-7 

5-15 

2-5 



F. R. Carpenter 

33 5 

32 26 

2 00 

11.42 



. . .2 

W. H. Nutting . . . 

44 0 

28 0 

1. . . 

18 0 


6.24 

0.27 

W. H Freeland 

32 . 60 

38.84 

. . 1 . 54 

8 24 

*3.44* 


10 35 

JCVm A. Hey wood 

31.04 

51.40 

4.84 

6.30 

1.37 

• • . 

0.4 


1 T. A. Rickard’s "Pyritic Smelting 
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Metallurgical Factors 1 

Orthosilicate Slags 

To use the tables on page 708 for metasilicates, CaSi0 3 , 
Na 2 Si0 3 , etc., double the amount of silica found in the table. 

To use it for mesosilicates (CaO) 3 (SiO*)*, (Na 2 ) 3 (Si0 2 ) 3 , etc., 
increase by one-third the amount of silica in the table. 


Orthosilicate Slag Factors 


Given 

Re- 

quired 

To 

make 

i 

Factor 

Given 

Re- 

quired 

To 

make 

Factor 

AhOa 

BaO 

BaSO< 

CaO 
CaCOa 
CaS0 4 - * 
2H 2 0 

Cu 

CuO 

Fe 

FeO 

FeaOa 

Fe*0 4 

SiOa 

SiOa 

SiOa 

SiOa 

SiOa 

SiOa 

SiOa 

SiOa 

Si0 2 

SiOa 

SiOa 

SiOa 

AWSiOda 

Ba2Si0 4 

BnaSi0 4 

CaaSi0 4 

CaaSi0 4 

CaaSi0 4 

Cu 4 Si0 4 

Cu 4 Si0 4 

FeaSi0 4 

FeaSi0 4 

Fe 2 Si0 4 

Fe 2 Si0 4 

0 8865 
0.1969 
0.1294 
0 . 5383 
0.3017 

0.1754 

0.2374 

0.1897 

0.5403 

0.4200 

0.3780 

0.3910 

FeS 

FeSa 

KaO 

MgO 

MgCO* 

Mn 

MnO 

NaaO 

Pb 

PbO 

Zn 

ZnO 

1 

SiOa 

SiOa 

SiOa 

SiOa 

SiOa 

SiOa 

SiOa 

SiOa 

SiO* 

SiOa 

SiOa 

Si0 2 

FeaSiOa 

FeaSiOa 

K 4 Si0 4 

MgaSi0 4 

MgjSiOi 

MnaSiOa 

MnaSiOa 

Na 4 Si0 4 

PbaSi0 4 

PbaSi0 4 

ZnaSiO« 

ZnaSi0 4 

0.3433 
0 2510 
0.3203 
0.7483 
0.3580 

0.5491 

0.4254 

0.4863 

0.1460 

0.1355 

0.4618 

0.3710 


' To use the following table for metasilicates, (M"Si0 3 ) halve 
the amount of basic substance found by the table. 

To use it for mesosilicates, (M"0) 3 (Si0 2 ) 2 decrease by orie- 
quarter the amount found by the table. 


SiOa 

AlaOa 

Al 4 (Si0 4 )a 

1.128 

S 1 O 2 

KaCOa 

K 4 S»0 4 

4.579 

SiOa 

BaO 

BaaSi0 4 

5.080 

S 1 O 2 

MgO 

MgaSi0 4 

1.336 

SiOa 

BaS0 4 

Ba2*Si0 4 

7.730 

S 1 O 2 

MgCOs 

Mg2Si0 4 

2.793 

SiOa 

CaO 

CaaSi0 4 

1.858 

S 1 O 2 

Mn 

MnaSi0 4 

1.821 

SiOa 

CaCOa 

CaaSi0 4 

3.315 

S 1 O 2 

MnO 

MnaSiQ 4 

2.351 

S 1 O 2 

CaS0 4 - 








2H 2 0 

CaaSi0 4 

ES2EI 

S 1 O 2 

NaaCO* 

Na 4 Si0 4 

3.513 

SiOa 

Cu 

Cu2Si() 4 

4.212 

S 1 O 2 

Pb 

PbaSi0 4 

6 851 

SiOa 

CuO 

CuaSi0 4 

5.271 

SiOa 

PbO 

PbaSi0 4 

7.381 

SiOa 

Fe 

Fe2Si0 4 

1.851 

S 1 O 2 

Zn | 

ZnaSi0 4 

2 166 

SiOa 

FeO 

Fe2Si0 4 

2 381 

SiOa 

ZnO 

ZnaSi0 4 

2.695 

SiOa 

FeaOa 

FeaSi0 4 

2 646 





SiOa 

Fea0 4 

Fe2SK) 4 

2 557 





SiOa 

FeS 

FeaSi0 4 

2.913 





SiOa 

FeSa 

FeaSiO* 







1 From H L. Well’s “Chemical Calculations,” Henry Holt &*Co., New 
York. 






708 METALLURGISTS AND CHEMISTS’ HANDBOOK 


< 


Balling’s Tables prom “Compendium der Metallur- 
GISCHEN CHEMIE” 


One part by weight of 
silica requires 

Parts 

by 

weight of 
bases 

One part by weight of 
bases requires 

Parts 

by 

weight of 
silica 

For Singulo-silicates 
Limp 

1.86 

For Singulo-silicates 
Lime 

0.538 

Magnesia 

1.34 

Magnesia 

0.748 

Alumina 

1.13 

Alumina 

0.886 

Ferrous oxide 

2.38 

Ferrous oxide 

0.420 

Manganous oxide . . 

2.35 

Manganous oxide.... 

0.425 

For Bi-silicates 

Lime 

0.93 

For Bi-silicates 

Lime 

1.077 

Magnesia 

0.67 

Magnesia 

1.497 

Alumina 

0.56 

Alumina 

1.773 

Ferrous oxide 

1.19 

Ferrous oxide 

0.841 

Manganous oxide . . 

1.18 

Manganous oxide.... 

0.851 

For Sesqui-silicates 

Lime 

1.24 

For Sesqui-silicatcs 
Lime 

0.806 

Magnesia 

0.89 

Magnesia 

1.122 

Alumina 

0.75 

Alumina 

1.330 

Ferrous oxide 

i 1.59 

Ferrous oxide 

0.630 

Manganous oxide 

i 1.57 

Manganous oxide.... 

0.638 


Balling’s Table for Alumina as Acid 


To form (MOj^AhOi 


1 part AlsOa requires parts of 

1 part of base requires parts AlsOs 

MgO 

1.72 

MgO 

0.580 

CaO 

2.47 

CaO 

0.417 

MnO 

3.03 

MnO 

0.330 

FeO 

3.07 

FeO 

0.325 

ZnO 

3.48 

ZnO 

0.287 

BaO 

6.56 

BaO 

0.153 

Na 2 0 

2.65 

Na 2 0 

0.377 

KiO 

4.03 

K 2 0 

0.248 
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I. Auxiliary Tables to Accompany Balling's Slag Table 


Formula 


Mol. wt. Log. 


I lgO)iSiOa. . 
Ja0)4Si0 2 . . 
InOJiSiOa. . 
’eO^SiOa. . . 
&a0) 4 Si0 2 . . 
£gO) 8 Si0 2 . . 
JaO) sSiOa . . 
lnO) 8 SiOa. . 
'eO) 8 SiOa. . . 
la0) 8 Si0 2 . . 
lgO)aSi0 2 . . 
JaO) 2 Si02- . 
ln0)2Si0 2 . . 
’e0) 2 Si02. . . 
la0) 2 Si0 2 . . 
lg0) 4 (Si0 2 ) 
!a0) 4 (Si0 2 )a 
ln0) 4 (Si0 2 ) 
'eO) 4 (Si0 2 ) 8 
la0) 4 (Si0 2 ) 8 
gOSiOa. . . . 

CaOSiOa 

MnOSiOa 

FeOSiOa 

BaOSiOj 


1 

221.84 

2.34604 

284.8 

2.45454 

344.4 

2.53706 

348.0 

2.54158 

674.0 

2.82866 

181.48 

2.25883 

228.7 

2.35927 

273.4 

2.43680 

276.1 

2.44107 

620.6 

2.71650 

141.12 

2.14959 

172.6 

2.23704 

202.4 

2.30621 

204.2 

2.31006 

367.2 

2.56490 

342.64 

2.53484 

405.6 . 

2.60810 

465.2 

2.66755 

468.8 

2.67099 

794.8 

2.90026 

100.76 

2.00329 

116.5 

2.06633 

131.4 

2.11860 

132.3 

2.12156 

213.8 

2.33001 


II. Ratios of Molecular Weights 
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III. Bases 


Radical 

Mol- wt. 

Log. 

MgO 

40.36 

1.60695 

CaO 

66.1 

1.74896 

Na*0 

62.1 

1.79309 

MnO 

71.0 

1.85126 

FeO 

71.9 

1.85673 

K 2 0 

94.3 

1.97451 

SrO 

103.6 

2.01536 

ZnO 

106.6 

2.02770 

Cu 2 0 

143.2 

2.15594 

BaO 

153.4 

2.18583 

PbO 

222.7 

2.34772 


Iff 

\ m 

jm 


• Acids 


Radical 

Mol. wt. 

1 

Log. 


102.2 

2.00945 


70.0 

1.84510 


142.0 

2.15229 


60.4 

1.78104 


80.1 

1.90363 
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IV. Composition of Type Slags 
(Calculated to a 90 per cent, total) 


SiOa 

FeO 

CaO 

41.1 

48.9 


42.1 

40.1 

7.8 

42.4 

37.8 

9.8 

42.8 

34.0 

13.2 

43.2 

30.8 

16.0 

43.6 

26.1 

20.3 

44.2 

21.1 

24.7 

44.7 

17.7 

27.6 

45.2 

13.4 

31.4 

45.4 

10.8 

33.8 

46.7 


43.3 

34.8 

55.2 


35.5 

52.0 

2.5 

36.4 

47.4 

6.2 

37.2 

44.2 

8.6 

38.1 

40.2 

11.7 

40 .t) 

27.5 

21.6 

46.7 


43.3 

26.6 

63.4 


29.1 

55.5 

5.4 

32.2 

45.9 

11.9 

33.9 

40.4 

15.7 

35.8 

34.2 

20.0 

40.6 

19.3 

30.1 

46.7 


43.3 


Compound 


FeOSiOa 

4 (FeO-SiOa) -1- CaO’SiOa 

3(Fe0*Si02) -j- CaO*SiOa 

2(FeO-SiC>2) CaO*SiOa 

3 (FeO-SiOa) + 2(Ca0-Si0 2 ) . . 

FeO-SiOa "h Ca0*Si02. 

2(FeO SiO) + 3(Ca0*Si0 2 ) . . . 

FeO-SiOa + 2(CaO-Si0 2 ) 

FeO-SiOa -4” 3(Ca0*Si0 2 ) .... 
FeO-SiOa + 4(Ca0-Si0 2 ) . . . 

CaO-SiOa 

(Fe0) 4 (Si0 2 ) 8 

4(Fe0) 4 (Si0 2 ) 8 -t - CaO-Si0 2 . . . 
3(FeO) 4 (SiO) 8 + 2CaO SiO a . . . 
(Fe0) 4 (Si0 2 )3 CaO-Si0 2 . . . . 
2(FeO) 4 (SiOa)8 ~h 3Ca0-Si0 2 . . 
(Fe0) 4 (Si0 2 ) 3 + 4Ca0Si0 2 . . . 

CaO-Si0 2 

(Fe0) 2 Si0 2 

4(Fe0) 2 Si0 2 CaO*Si0 2 

3(Fe0) 2 Si0 2 + 2CaO-SiQ 2 

(Fe0) 2 Si0 2 + CaO-Si0 2 

2(Fe0) 2 Si0 2 + CaOSi0 2 . 


(Fe0) 2 Si0 2 

Ca0-Si0 2 . 


+ 4CaOSi0 2 . 



SiOa 

FeOa 

CaO 

(FeO) 2 SiO? 

26.6 

63.4 


4(FeO)jSiO, + (CaO) 4 (SiO a ) a 

31.1 

42.4 

16.5 

3(FeO) 2 SiU2 -4- 2(OaO) 4 (SiU 2 )a 

34.3 

27.3 

28.4 ^ 

(Fe0) 2 Si02 (CaO) 4 (SiQ 2 )3- 

35.7 

21.2 

33.1 

2(Fe0) 2 Si0 2 -b 3(Ca0) 4 (Si0 2 )a. . . . 

36.8 

15.9 

37.3 

(FeO)jSiO, + 4(Ca0),(Si0 2 ) a 

38.7 

7.1 

44.2 

(Ca0) 4 (Si0 2 ) 8 

40.2 


49.8 

(FeOLSiOa 

26.6 

63.4 


4(Fe0) 2 Si02 ~b (Ca0) 2 Si0 2 

27.5 

52.3 

10.2 

3(FeO)jSiO t + (CaO) a SiO a . . . . 

27.7 

49.4 

12.9 

2(FeO) a SiO a + (Ca0) 2 Si0 2 

28.1 

44.5 

17.4 

3(Fe0) t Si0 2 + 2(CaO) 2 SiO a 

28.4 

40.5 » 

21.1 

(FeOJ.SiOj + (CaO) a Si0 2 

28.9 

34.3 

26.8 

2(FeO)aSiOa -b 3(CaO) 2 SiOa 

29.4 

27.9 

32.7 

(FeO)aSiOa -b 2(CaO) 2 SiOa 

29*. 6 

23.6 

36.8 

(FeO) 2 SiOa 4" 3(Ca0) 2 Si0 2 

30.1 

17.9 

42*0 

(FeO)aSiOa "I - 4(CaO)aSiOa 

30.4 

14.4 

45.2 

(CaO)aSiOa 

31.5 


58.6 
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S10> 

FeO 

CaO 

(Fe0) 4 (Si0 2 )a 

34.8 

55.2 


4(FeO)i(SiOa)a + (Ca0) 4 (Si0 2 ) 8 

35.7 

45.4 

8.9 

3(FeO) 4 (Si0 2 )s -j- (Ca0) 4 (Si0 2 ) 3 

36.0 

42.9 

11.1 

2(FeO) 4 (Si0 2 )s 4- (Ca0) 4 (Si0 2 ) 3 

36.6 

38.4 


3?Fe0) 4 (Si0 2 ) 2 4- 2(Ca0) 4 (Si0 2 ) 3 . . . . 

36.7 

35.1 

18.2 

(Fe0) 4 (Si0 2 )s + (Ca0) 4 (Si0 2 ) 3 

37.3 

29.6 

23.1 

2(FeO)<(SiOj)j + 3(CaO)4(SiO.)>. . . . 

37.9 

24.0 

28.1 

(FeOMSiOj), + 2 (CaO) 4 (SiO,), 

38.2 

20.2 

31.6 

(Fe0) 4 (Si0 2 ) 3 + 3(Ca0) 4 (Si0 2 ) 8 . . 

38.7 

15.4 

35.9 

(Fe0) 4 (Si0 2 ) 8 + 4(Ca0) 4 (Si0 2 ) 3 . . . 

39.0 

12.4 

38.6 

(Ca0) 4 (Si0 2 ) 3 

40.2 


49.8 






Formation Temperature of Some Pure Ferrous Silicates 


4FeO, S^Oa - 82.8 % FeO, 17.2 % SiOa 

3FeO, 2SiOa - 64.3 % FeO, 35.7 % SlOa 

FeO, SiOa - 54.55% FeO, 45.45% SiOj 
2CaO, SiOs - 65.0 % CaO, 35.0 % Si0 2 

CaO, S ; Oa - 48.2 % CaO, 51.8 % SiOz 

3CaO, 2SiOj - 58.2 % CaO, 41.8 % Si0 2 

8CaO, SiOi -73.6 % CaO, 2G . 4 % Si0 2 


4CaO, 38iOa - 37.0 % CaO, 63 0 % Si0 2 
4CaO, 3Si0a - 54.5 % CaO. 46.5 % Si0 2 


1280°C. 1 
1 140°C. 1 
1110°C.i 
1570°C. 3 
1540°C.» 

dissociates at 1475°C.» 
dissociates at 1900°, before 
melting 3 

143G°C.» 

1456°C.« 


i Trans. A.I.M.E., Vol. 29. 

* F. T. Havakd, "Fumaops and Refractories.” 

■ Rankin and Wright, Am. Journ. Set., Junuary, 1915. 


« Formation and Melting Temper attoes of Silicates 1 


Description 

. 

Si0 2 


Composi- 

tion 

MgO 

BaO 

MnO 

For- 

mation 

temp. 

Fus- 

ing 

temp. 


Rj|| 



Iron slag* 

Iron slag* 

Lead slag* 

Lead slag*. .... 
Copper slAg*. . . 
Copper slag*. . . 

50.0 
43.9 

36.0 
31.47 

33.0 
40.80 


3.0 

4.5 

40.0 

45.68 

60.3 

39.46 

30.0 

31.4 

4.0 

22.85 

19.74 

10.2 

3.0 

7.5 

0.3 

1392 

1450 

1220 

1190 

1273 

1160 

m 







1 From HAv^rd, "Furnaces and Refractories.” 
■•fiee also pp. 697-705. 
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Total Heat in Calobibs feb Kg. of Melted Slag 


(After Aksbman) 


Calories 

1 

Per 

cent., j 
SiOi ! 

Per 

cent., 

CaO 

Per 

cent., 

AhOi 

Calories 

Per 

cent., 

SiOa 

Per 

cent., 

CaO 

Per 

cent., 

AltOi 

347 < 

f 

59 

36 

5 



31 

j 

37 

32 


39 

42 

19 

360 < 


46 

37 

17 



63 

35 

2 



58 

32 

10 



58 

35 

7 



58 

27 

15 


• 

58 

37 

5 



62 

37 

1 

350 


53 

37 

10 

380 « 

1 

38 

52 

10 


41 

42 

17 



25 

34 

41 



38 

47 

15 



44 

33 

23 



39 

43 

19 



60 

20 

20 



37 

40 

23 



65 

35 

0 



66 

32 

2 

inn 


41 

52 

7 



59 

38 

3 

iUU 


37 

53 

10 



48 

42 

10 



21 

32 

47 

oart J 


40 

48 

12 



43 

30 

27 


34 

48 

18 


• 




Typical Lead Slags 1 



SiOs j 

Fe(Mn}0 

Ca(Ba, Mg'lO 

Total 

Eilers 

28 ! 

50 

12 

90 

Eilers 

30 1 

40 

20 

90 

Livingstone 

30 ! 

36 

20 

86 

lies 

32 ! 

33 

23 

88 

Schneider 

33 

! 33 

24 

90 

Page 

33 

' 36 

16 

85 

Hahn 

34 

50 

12 

96 

Raht 

35 

27 

28 

90 

Hahn 

36 

40 

20 

96 

Murray 

40 

34 

26 

100 

Hixon 

34 

33 

23 

90 

Hixon 

33.4 

34.1 

21 

88.5 

Hixon 

30 

40 

20 

- 

90 


1 Hofman, “Metallurgy of Lead,” and Hixon’s “Lead Smelting and 
Copper Converting.” 
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Matte Smelting 1 

In order of decreasing affinity for sulphur* the chief metala 
stand thus according to 

Foubnet: Cu, Fe, CoNi, Sn, Zn, Pb, Ag, Hg, Au, As, Sb. 2 
SHttTz: Mn, Cu, Ni, Fe, Sn, Zn, Pb. 2 


Specific Gravities of Matte-forming Compounds* 

Substances having a specific gravity not greater than 4.7: 
the sulphides of zinc, molybdenum, calcium and manganese. 

Substances having a specific gravity between 4.7 and 5.5: 
the sulphides of barium, iron, cadmium, nickel, cobalt, and cop- 
per; and the magnetic oxide of iron. 

Substances with specific gravities from 6 to 9: the sulphides 
of silver, lead and bismuth; the arsenides and antimonides; and 
the sulpharsenides and sulph antimonides of silver, copper, 
bismuth, lead, iron, cobalt and nickel; and metallic lead, iron 
and copper. 


Temperatures of Metallurgical Operations 

Copper blast-furnace smelting: 

Furnace running fast. . * 1260°C. 1 

Normal smelting 1215°C. 1 

Slow smelting, lower limit. 1130°C. 1 

Pyritic smelting . . . . 1240°-1350°C. 1 


Copper converters: 

Matte introduced 

Turned down to skim 

Turned back to blow 

Cooling during skimming 

Temperature of escaping, gas at end of 10 minutes 
Temperature of escaping gas at end of 20 minutes 
Temperature of escaping gas at end of 30 minutes 
Temperature of escaping gas at finish . 


1 170°C. 
1297°C. 
1284°C. 

13°C. 

1260°C. 

1270°C. 

1275°C. 

1195°C. 


Copper-refining furnaces: 

Charge melted and ready to rabble 
After 25 minutes rabbling. ... . 
After 75 minutes rabbling. . 

At end of rabbling 

After 20 minutes poling . 

At end of poling 

Heated to 

After ladling 20 minutes 


1141°C. 

1103°C. - 

1103°C 

1103°C 

1110°C 

1117°C 

1125°C 

1121°C 


1 Hofman’b "General Metallurgy," p. 74 

2 But in a wet way SchOrmann places the Bulphides in the following order 

as regards the rate at which they are decomposed by the nitrates, fulphates 
and chlorides of other metals: Pd, Hg, Ag, Cu, Bi, Cd, Sb, Sn, Pb, Zn, Ni, 
Co, Fe, As, Tl, Mn. Thus PdS is not decomposed by the salts of any of the 
other metals, while PdCh converts the sulphides oi the other metals into 
chlorides. With MnS, this is decomposed by salts of any of* the other 
metals, while MnSO« has no decomposing effect. * 

8 Hofman’s "General Metallurgy," p. 74. 
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Lead blast-furnace work : 

On two-fifths slag, Fe, 30 per cent.; CaO, 12 per cent.; Al 2 O a , 
8 per cent.; Si0 2 , 31 per cent., Zn, 10 per cent.; was 1126°C. 
On half slag, 1134°C. 

On three-fifths slag, Fe, 30.5 — 31 per cent.; CaO, 15 — 14.5 
per cent.; A1 2 (L. 6.4 — 6.6 per cent.; Si0 2 , 34 — 32 per cent.; 
Zn, 5.8 per cent.; MgO, 1.3 per cent., MnO, 3.7 — 3.8 per 
cent., 1170° - 1149°C. 

The temperature change seems to be about 9°C. per cent, of 
silica up or down, from the above figures. 

Reverberatory smelting — copper matting : 

Slag temperature 1200° — lSHTC. 1 2 

Slag melting point 1190° — ^SS 0 ^. 1 

Furnace temperatures 1260° — 1725°C. 1 

Reverberatory roasting — leady mattes: 

1215°C. at fire box to 505°C. at flue end. 

Reverberatory smelting flue: 

1300°C. at furnace; 1217° at 14 ft. from furnace; 1112° at 
27 ft.; 1097° at 41 ft.; 1045° at 54 ft.; 911° at 67 ft.; 807° 
at 80 ft.; 767° at 94 ft.; 727° at 107 ft.; 642° at 120 ft. (foot 
of stack). 


Iron* 

Dog C. 


Blast furnace at tuyeres. .. . 2000 

Blast-furnace tapping 1600 

Open-hearth furnace from 1566° at rever- 
sals to 1725°C. max. 

Medium-hard steel at tapping . . . 1530 

Gas leaving producers 700 

Gas leaving regenerators. . . 1200 

Air leaving regenerators . . 1100 

Waste gas at stack . . » ... 300 

Medium steel ready to roll . . 1050 

Glass pots working ... ... 1050 

Glass pots refining . 1325 

Tanks for casting glass 1325 

Crucible-steel furnace 1300 

Cement rotary clinkering kiln. . . . 1684 

Ingot being rolled 1065 

Heating furnace. 1150 

Basic besscmer lining, above charge 1350 to 1550 


1 Rounded averages (to nearest 5°C ) of figures given by G H Clevenger 
Metallurgical and Chemical Engineering, August, 1913. Other figures not 
averaged 

2 Stowe-Fullek Co/s catalog. 
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Modern Copper Blast Furnaces 1 



Dimen- 
sions at 
tuyere, 
in 

Number 
and size 
of tuy- 
eres, in 

Center of 
tuyere to 
feed floor 
ft m 

Height of 
smelting 
column, 
ft. 

Blast pres- 
sure, oz. 

Approximate 
capacity, 
tone per day 

Anaconda, Mont 3 

56X1044 

150-4 

19 


40 

3000 

Cananea, Mexico 

48X210 

36-4 % 

10 41 j 

9 

10 

280 

Garfield, Utah . . 

48X240 


13 0 

10 

24 

360 

Mammoth, Calif 

50 X 180 

34— 4 ^4 


9 

42 

400 

Steptoe, Nev . . 

42X240 

48-4 



40 

300-500 

Cerro de Pasco, Peru 

56X180 

28-4 



24 

300 

Mason Valley, Nev . 

47X300 

50-4 

12 1 

12 

42 

720 

Tezuitlan, Mex 

54X240 

40-5 

14 6 


28-32 

500 

Canadian ( 

50X204 



14 


400 

Copper Co. \ 

50 X 240 



14 


550 

Mond Nickel Co 

50X240 



12 


550 

Trail, B. C 

42X210 



8 


350 


42X360 



8 


650 


42X264 



8 


460 


42X420 



8 


700 


50X420 



8 


875 

Grand Forks, B C / 

44 X 266^2 



12 


500 

\ 

48X260 



12 


550 

Great Falls, Mont . 

84X180 


22 3 2 \ 




Kosuka, Japan 

48X294 

32-6 


* 9 

16 

160 

United Verde Ariz 

48X330 






Anoyx, B C 

50X360 



12 


750 

B C Copper Co., 







B C .. 

51X360 

72-3 

5 3 

12 


850 


51X240 

72-3 'i 

5 3 

12 


550 

Tyoe copper, B. C . . 

42X120 



6 


200 


48X160 

\ 


6 


300 


1 From Gowland'h “Metallurgy of the Non-ferrous Metals," p 83, and 
Bull 209, Canad Dept of Mines 

2 The Anaconda furnace is the largest yet constructed 


Blower Capacity 

Iron Cupola Work. — 500 eu. ft. of air per minute is required to 
melt 1 ton of pig iron per hour. 1 

Rotary blowers seem to require 5 lip. lor every 1000 eu. ft. of 
air discharged at 1 lb. pressure. 2 * 

Copper Blast Furnaces. — At’ the Tennessee Copper Co. 1000 
cu. ft. per minute per linear foot of furnace is the rule (56 X 270- 
in. furnace). At Mt. Lyell 20,000 cu. ft. at 64 oz. pressure is 
used per minute in a 54 X 210-in. furnace. At Great I* alls, 
Mont., a furnace 84 X 180 in. at the tuyeres receives 17,000 
cu. ft. of air per minute. The Sasoo, Ariz., smeltery used 
13,000 cu. ft. per minute at 24 oz. pressure for a 43 X 192-m. 
furnace. Cananea used 12,000 cu. ft. per minute at 16 oz. 
pressure for a 48 X 210-in. furnace. . * , 

Lead Blast Furnaces. — The modern tendency is toward 
higher pressure. Tooele is using 44 oz. (1929). At Murray, 

1 Hofman, "General Metallurgy," p 777 • 

2 Ibid . p 771 
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Utah, the pressures have been allowed to go as high as 70 o z. 
Midvale limits it to 52 oz. per sq. in. 

Converters. — The Copper Queen works figures that it 
requires 85,000 cu. ft. of blast to convert 1 ton of matte to 
blister copper. See also p. 725. 


Operations at the British Columbia Copper Co.’s Smeltery 1 

Blast Furnaces. — The blast furnace building is 150 ft. long 
by 160 ft. wide and contains three water- jacketed blast furnaces 
placed end to end, with space between them for the minor axis 
of a 10 by 18-ft. oval settler. The two outside furnaces. Nos. 
1 and 3, are each 51 by 360 in., while the middle one, or No. 2, 
is 51 by 240 in. in area at the tuyeres. The vertical distance 
from the center of tuyeres to the feed floor is 16 ft., and to the 
sole plate 37 in., the other furnace dimensions being as follows: 


Hearth area, sq. ft 127.5 

Center tuyeres to tapping floor 5 ft. 3 in. 


Height of bottom ^jackets. . . 
Width of side jackets. . . . 

Width of end jackets, bottom 
Width of end jackets, bottom 

Number of tuy dres 

Diameter of tuyeres 

Area of tuyeres. 


30-ft. Furnace 20-ft. Furnace 

85 

5 ft. 3 in. 

9 ft. 3 in. 

3 ft. 4 in. 

3 ft. 8 in. 

6 ft. 2 in. 
48 


9 ft. 0 in. 

3 ft. 4 in. 

3 ft. 8 in. 

6 ft. 2 in. 

72 

4 in. bushed to 3)4 in. 
.597.4 sq. in. 602.9 sq. in. 


Tuyere area per square foot of hearth 

area 4 65 sq. in. 7 09 sq. in. 

Center line to center line tuyeres . . 9 25 in. 9.25 in. 

Water space in jacket, 4 in.; platp used on inside % in.; on 
outside, % in. 


A ResumS of Furnace Operating Data, B. C. Copper Co. 

Tons smelted per day, 2250.0; tons smelted per square foot 
of hearth area, average, 6.62; tons smelted per square foot of 
hearth area, maximum, 8.70; tons smelted per man per day, 
35.70; Cu on charge, per cent., 0.8 to 1.2; Cu in matte, per 
cent., 30.0 to 45.0; Cu in slag, per cent., 0.22 to 0.27 ; S on charge, 
per cent., 2.00; S burnt off, per cent., 85.00 to 90.00; coke usea 
on charge, per cent., 12.00 to 14.00; coke ash, per cent., 20.00 
to 28.00; blast, cubic feet per minute, 25,000; blast temperature, 
atmospheric; cooling water for jackets, gallons per minute, 
2500; i©en per 8-hour shift, 21.0; matte, per cent, of total 
charge, 1.65; matte, specific gravity, 5 to 0: slag, per cent., 
Si0 2 , 38 to 45; Fe, 13 to 20; CaO, 20 to 26; A1 2 0 3 , 6 to 9; specific 
gravity, 3, to 3.2. ' 

4 

1 From a paper by F. K. Bbunton, Trans. A.I.M.E., 1915. 
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Jacket Water Required 1 


Hearth area, 
square feet 

Water per hour, blowing 
in or out, gallons 

Water per hour, .normal 
running, gallons 

3 

900 

460 

5 

1200 

600 

7 

1450 

950 

9.5 

2200 

1100 

12.5 

3000 

1300 

18 

4000 

1500 

24 

5000 

1800 

30 

6000 

2000 

36 

7000 

2200 


1 Peters’ “Modern Copper Smelting.” 


Analysis of Copper Blast Furnace Gases 



O 

co 

CO, 

SO, 

• 

so. 

N 

Morenci, Ariz.. . 

Globe, Ariz 

Copper Queen. . . 

Tennessee 1- 

8.0 

17.2 

10.0 

2 15 
3.2 
(IUO 
3.5) 

10.9 

6.49 

3 5 

2.5 

3.5 
1.27 

3.50 





0.086 

Tr. 

78.1 






1 As delivered to sulphuric acid chambers According to Robert Sticht 8 
data, all of the above results showing free oxygen are open to doubt, as he 
believes that oxygen can only be present in the free state in copper furnace 
gases when extraneous air is drawp into the testing apparatus via the charge 
doors 


Coal-dust Firing of Reverberatories 1 

A general discussion by C. J. Gadd of the principles of coal- 
dust firing appears in the Journal of the Franklin Institute for 
1916, p. 323. The main points are as follows: Powdered coal, 
used as a fuel in metallurgical furnaces, should be high in 
volatile matter and low in ash, and should not contain over 
0.75 per cent. H 2 0. At least 95 per cent, of the coal should 
pass through a sieve with 100 meshes to the linear inch, and 
over 83 per cent, through a 200-mesh sieve; it must be delivered 
to the furnace “in a thoroughly atomized state,” and combus- 
tion must be completed while the coal is in suspension. Delrv- 
ery^to the furnace must be uniformly controlled, and the personal 
equation reduced to a minimum. While anthracite, lignite and 
coke breeze may be used, the most desirable fuel is bituminous 
coal, high in volatile matter and low in S anG ash. The coarse 
coal should approximate the following analyses: % 

1 Bull. A.I M.E., January, 1915. 
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For heating 
and puddling 
furnaces, 
per cent. 

For open- 
hearth 
furnaces, 
per cent. 

Volatile matter not under 

30.00 

36.00 

Fixed C not under 

50.00 

52.00 

H 2 0 not over 

1.25 

1.25 

Ash not over 

. . 9.50 

6.00 

S not over 

1.00 

1.00 


Powdered coal should be handled in bulk; aerial propulsion 
and transfer in the form of dust clouds should be avoided on 
account of the danger of accidental ignition. Powdered coal, 
stored for any length of time, tends to fire, pack, and collect 
moisture. Spontaneous combustion invariably occurs within 
6 days with a moisture content of approximately 0.75 per cent, 
and a S content of 1.0 i>or cent., and may occur within 24 hours 
if the H 2 O content exceeds 1.0 per cent., and the S content be 
4 to 5 per cent. The apparatus for crushing, drying, pulveriz- 
ing, feeding, and burning, the coal is described in detail, as are 
various types of metallurgical furnaces equipped for burning 
powdered coal. A low pressure burner gives a short flame, a 
high pressure burner a long flame. Powdered coal is more 
economical than oil or producer gas. The temperature is as 
high as that given by producer gas, and is maintained uniformly 
throughout the furnace. The high fuel consumption is offset 
by the generation of steam in the waste-heat plant, where each 
pound of coal, burned in the furnace, evaporates approximately 
6.25 lb. of steam. 

Experiments were made with this process at the plant of the 
Canadian Copper Co. at an early date, but were unsuccessful 
for some time. 

It was finally adopted at Copppr Cliff, however, designing 
furnaces especially to meet the requirements by eliminating 
right-angled bends m the flues and placing the skimming door 
at the side instead of the end. The waste-heat boiler was made 
a secondary consideration. The first smelting showed no diffi- 
culty with the fuel, and as improvements were gradually made 
the smelting became more efficient. In the first 3 months of 
1914 the fuel ratio was 5, 5.65 and 6.77, respectively. The 
method of feeding has been changed. At. first it was done 
through hoppers near the fire end, but is now done almost 
entirely through pipes in the side walls. Coal dust is intro- 
duced through five pipes 5 in. in diameter. It is first dried and 
then ground so that about 95 per cent, passes a 100-mesh and 
80 per cent, passes a 200-mesh screen. The great advantage 
found in this method of firing is the absence of breaks in the 
temperature curve due to grating or cleaning the hearth, and as 
a consequence a greatly increased tonnage and fuel ratio. 

At Anaconda coal-dust firing was tried in June, 1914, in a 
furnace 4£4 ft. by *21 ft. The method of charging was similar 
td that used at Copper Cliff. From the experience gained in 
this work, Mu. Bender lays down the following requisites for 
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successful use of coal dust: (1) The coal should be dried before 
pulverizing, containing not more than 1 per cent, moisture; (2) 
fine pulverization affords increased area and higher thermal 
efficiency, 95 per cent, should pass a 100-mesh screen and 85 per 
cent, a 200-mesh; (3) the quantities of coal and air delivered to 
the furnace should be carefully controlled in order to secure 
complete combustion; (4) the coal should contain enough vola- 
tile combustible matter to give the required combustion; a 
standard for cement work is 30 per cent.; (5) the furnace should 
be properly designed and equipped, and (6) provision must be 
made for taking care of the ash. Based on past experience, 
some changes will be made in the new equipment for coal-dust 
reverberatory firing at Anaconda. The furnaces will be 144 ft. 
by 25 ft., with a flue area of 48 sq. ft. Matte will be tapped at 
the front. The skimming plate will be 12 in. higher than in 
other furnaces, the top of the plate being 24 in. above the tap 
hole. Recent records for a week at Anaconda indicate the 
efficiency of coal-dust firing; the average tonnage per day was 
542.7, with a fuel ratio of 7.5. 

Coal-dust Firing at Anaconda. — The ore-smelting reverbera- 
tories at Anaconda are 23^3 X 133 ft., the latest furnaces being 
completely jacketed. The coal is ground so that 96 per cent, 
will pass 100 mesh, and 74 per cent, will pass 200 mesh. The 
equipment consists of two 30 X 30 Jeffries single-roll crushers; 
three Rugglcs-Coles driers; twelve 4^6-ft. Raymond pulverizers. 
Warford burners are used, with primary air ait 16-oz. pressure. 

Refining Furnaces. — The copper refinery at Great Falls is 
equipped with two furnaces having hearths 45 ft. long. One 
of these furnaces has a hearth 13 ft. 9 in. wide; the other is 18 
in. wider. These furnaces have sihea-bnek bottoms, 32 in. 
thick, arranged for air cooling. Each furnace is equipped with 
a Stirling waste-heat boiler ^generating about 4,000 b.hp. The 
furnace stacks are 5 ft. in diameter and 142 ft. in height, 
measured from the working-floor level. No trouble was 
experienced from lack of draft. 

When the change was made from grate firing to pulverized 
coal, the coal hoppers directly over the furnace fireboxes were 
used as storage for pulverized coal. m 

Except for the removal of the* fireboxes, no changes were made 
in the furnace design when the change was made from grate 
firing to coal dust firing. 

Effect of Pulverized Coal on Furnace Operations.— An opera- 
tor considering a change from grate firing to pulverized coal is 
desirous of knowing what economies may be brought about by 
the change. The use of pulverized coal at Great Falls enabled 
us to make our cycle with reasonable certainty every 24 hr. 
We were even abie to make such minor repairs to fiyes and 
jambs as did not necessitate a shutdown and still take out seven 
charges weekly. A loss of 1 or 2 hr. on one day caused by such 
a repair could be caught up and the furnac^ brought around on 
schedule again within a day or two, at the most, and without 
any material sacrifice of production. 
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The saving in time, as compared with grate-firing, is brought 
about first, Dy the saving of time required in grating and 
removing clinkers from the firebox; second, by reason of the fact 
that when we were ready to start charging, the burners could be 
adjusted so as to maintain the heat in the smelting chamber to 
a much greater extent than is possible when grate-firing; third, 
during the melting period, conditions of combustion were far 
more uniform than was previously the case. Not only did this 
lead to a shorter melting period, but, due to the ability to main- 
tain an oxidizing atmosphere in the furnace at all times while 
melting down, the rabbling period was materially shortened. 

The use of pulverized coal also resulted in a considerable 
saving in fuel cost. The best fuel ratio we were able to main- 
tain for an entire month, using coal with grate firing, was 4 tons 
of copper per ton of coal. With the same quality of coal used 
in the pulverized form, we obtained a ratio of 6.8 tons of copper 
per ton of coal over a 6 months' period. This represents a 
saving of 41 per cent, in the coal bill, assuming that the cost of 
pulverizing is offset by a reduction in labor at the furnace and 
elimination of the cost of handling and disposing of ashes. 
A further saving was, however, realized for when burning coal 
on grates, lump coal only could be used; whereas when the coal 
was used in the pulverized form, slack coal, costing 20 per cent, 
less could be used. The net result was a reduction of from 40 to 
50 per cent, in the fuel cost per ton of copper. 

Regarding the use of powdered coal as a fuel for copper- 
refining furnaces, E. S. Bardwell, Trans. A.I.M.E. , 1925, 
says that no trouble need be anticipated from sulphur if the coal 
runs under 2 per cent. S. The ash should be less than 8 per cent. 

Pulverizing Coal. — At the plant of the Nevada Consolidated 
Copper Co. the average power consumption was 30 kw.-hr. 
per ton of coal pulverized {Trans. , A.I.M.E., February, 1920). 

Reverberatory Practice 

Some of the essentials of good ore-smelting reverberatory 
practice are thus summed up by R. E. H. Pomeroy . 1 

1. Careful preparation of the charge by adequate mixing of 
all ingredients before charging. t 

2. Addition of enough lime rock, preferably coarse, to produce 
an active boiling in the furnace. 

3. Maintaining a deep bath of molten matte to equalize and 
distribute the heat over the whole of the hearth. 

4. Frequent skimming so as to carry only a thin layer of slag 
over the matte bath. 

5. Operating the furnace for the best smelting conditions, 
ignoring the waste-heat boilers as factors in the power supply. 

Factors affecting the life of the furnace: 

1. The furnace roof set high over the hottest portion of the 
hearth. # ♦ 

<2. Frequent fettling to protect the side walls. 

» Bull. A.t.M E , February, 1915. 
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• 

3. Frequent charging and active charge mixtures to avoid 
floater and blanket formation requiring excessive firing. 

The targest copper-ore-smelting reverberatory, so far as 
known, is the new one at Anaconda, with a 23 ft. 4 in. X 134 ft. 
6 in. hearth. A furnace 178 ft. long has been built for settling 
reverberatory slags. The largest copper-refining reverbera- 
tory is, so far as known, 14 X 45 ft., and has cast a charge of 
750,000. lb. These figures are due to the courtesy of Francis 
R. Pyne. 

Converters at Anaconda 

The present basic-lined converters at Anaconda take a 70-ton 
matte charge and 15 tons of ore (60 per cent. SiOj); 10 per cent. 
AI2O3. Air having a pressure of 16 lb. per sq. in. is used and 
the converters are electrically operated. The slag is sent while 
hot to a reverberatory furnace 21 X 153 ft., which treats 650 
tons of slag and 450 tons of fluxes per day, burning 85 tons of 
coal. The gases from this furnace pass to a flue 15 ft. wide by 
13 ft. high divided into two parts leading to two 850 hp. 
Stirling waste heat boilers. Either or both boilers may be used. 

Converter Slag Treatment. — The rise of flotation methods 
has produced an excess of iron rather than en excess of silica 
to be cared for by the copper smelter, with the result that 
copper converter slags are no longer desirable as a flux. 

Anaconda in 1918 met this problem by sending all converter 
slags to one reverberatory furnace in which the Fe 3 0 4 of the 
converter slag was reduced to FeO, the FeO fluxed to a slag con- 
taining about 30 per cent. Si0 2 , and the copper and white 
metal reduced to a low grade matte by the use of unroasted or 
underroasted concentrates and fine siliceous ore (F. Laist and 
H. J. Maguire, 7 Vans. A.I.M.E . , January, 1920). 

The furnace, from burners to skimming block was 23 ft. 4 
in. by 153 ft., with an 8 ft. *6 in. X 6 ft. flue connection. The 
flue was split, with an 865 hp. waste heat boiler in each flue. 
The furnace was equipped with hoppers on both sides for the 
full length of the furnace and in the center for 100 ft. from the 
burners. Firing was by five pulverized coal burners, using 
16-oz. air. 

The converter slag was charged by pouring into a cast-iron 
launder on wheels and provided with a replaceable lip. Two of 
the center hoppers have 10-in. openings so chilled slag or clean- 
ings can be charged. 

The slag from the furnace carried about 30-33 per cent Si0 2 ; 
49-51 per cent. FeO; 0.9-2. 5 per cent. CaO and about 0.55 per 
cent. Cu, producing a matte running from 36-52 per cent. Cu. 

Direct cost of treating the slag is about 47 cts. per ton. 
Crediting steam at $9 per boiler horsepower per month, the cost 
is about 35 cts. per ton. 

Converter Blast. — According to Sticht, about 100,000 cu. ft. 
of air is required per long ton of copper produced from 50 per 
cent, matte and 165,000 cu. ft. of air for a long ton of copjfler 
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from 40 per cent, matte. At one American works 183,000 cu. 
ft. of air is required per 2000 lb. of Cu produced. 

Lining. — About 2 tons of copper will be produced per ton of 
lining in the acid converter. 

Gases. — The following analysis of gas passing through a 
converter flue is given by Dunn (Trans. A.I.M.E.y 1913)* 
S0 2 , 2.845 per cent.; SO a , 0.0515; C0 2 , 0.2084; H 2 0, 1.061; 
AS2O3, 0.00073; O, 12.04; N, 83.64 per cent. 

Sulphuric -acid Manufacture 

As the regions surrounding smelteries grow more densely 
populated, the difficulties caused by the discharge of sulphuric 
acid and sulphur dioxide into the atmosphere and the proba- 
bility of being forced into sulphuric-acid manufacture increase. 
The contact-acid process does not seem successful for smelting 
plants, probably because of the arsenic in the fumes poisoning 
the catalyst, although the new vanadium catalysts of the Selden 
process seem for loss subject to poisoning than do the older 
platnium catalysts, in addition to their being cheaper. In the 
chamber process one has the ordinary chambers, the Meyer 
tangential system, the Falding highchambor, and the still 
experimental lead Spirals to choose from. The Falding system 
as adopted at the Tennessee Copper Co. was described by its 
inventor in the Eng. and Min. Journ. of Sept. 4, 1909, p. 443. 
In that article he makes the following comparison between 
the systems: 

Chamber Ground Weight of 

space, cu. ft. area, sq. ft. lining, tons 


Old System 174,960 12,936 112 

Meyer tangential. . 174,480' 11,938 110 

Falding 175,000 4,096 66.5 


Acid manufacture at the Ducktown Sulphur, Copper & 
Iron Co.'s plant was described in the Journal of May 28, 1910, 
by W. H. Freeland and O. W. JIenwick. That plant was 
designed for a capacity of 160- tons of 60° B. acid per day. 
Under normal conditions the gases delivered to the chambers 
analyze: S0 2 , 3Yi per cent.; C0 2 , 3^2 per cent.; and SO ;i trace. 
Temperature control of the gases is attained by small kite- 
shaped flues through varying lengths of which the gases can 
be run, until they are sufficiently cool. There are two Glover’s 
towers, each 12 ft. square and 45 ft. high. Following these are 
four hard-lead fans (10 per cent, antimony) then two sets of 
eight chambers each. Each chamber is 96 ft. long, 22 ft. 8 in. 
wide and 30 ft. high. Special arrangements are said to be 
introduced here to take care of the carbon dioxide in the gases. 

1 The matter of the ill effect of carbon dioxide in chamber work is by i 
m$ans eettJed Lunge says one Bohemian works with which he w 
acquainted made acid without trouble or special precautions from materi 
carrying 10 per cent of bituminous matter. 
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Six Gay-Lussac towers are used for recovery of the nitrous acid. 

In a discussion of pyritic smelting and acid manufacture 
by Faldmg and Charming (Eng. and Min. Journ., Sept. 17, 
1910) the necessity of a uniform composition of gas is insisted 
upon by these authors, and the general point made that an acid 
plant drawing its gases from several furnaces will more prob- 
ably be successful than if it draws its gas from one. 1 

The Anaconda Copper Co. in 1915 constructed a 100-ton 
acid plant, but this was as an adjunct to a leaching plant, and 
not to use blast-furnace gases. It was described by E. L. 
Larison in the Eng. and Min. Journ. of Aug. 24, 1929. 

There arc three units, two chamber units of 135 tons and 50 
tons 60° acid daily capacity, and a packed cell unit of 20 tons 
60° daily capacity. Sulphur dioxide to supply these plants is 
drawn from three Wei>ge roasters treating copper concentrate 
from Wilfley tables carrying 40 per cent. S and 9 per cent. 
Cu. The gas carries 7 to 8 per cent. SO a . 

The large chamber unit consists of a Glover tower, eight 
large rectangular lead chambers and throe Gay-Lussac towers. 
The smaller unit consists of a Glover tower, eight rectangular 
lead chambers and two Gay-Lussac towers. 

The packed-cell unit consists of a Glover, tower, five brick- 
packed reaction towers, and two Gay-Lussac towers. The 
heat of reaction is removed by circulating 50° acid through 
the towers and cooling it in coil-type acid coolers. The plant 
uses only about 1 cu. ft. of packed volume per pound of sulphur 
converted per 24 hr., against about 18 cu. ft. chamber space. 

•In Europe, the Schmiedel process seems to be gaining ground, 
as least as an adjunct to blende-roasting plants. In this the 
sulphur-bearing gases are beaten up with nitrated acid by 
means of fluted rollers. Acid of 78 per cent H 2 S0 4 strength is 
is said to be produced by this mechanical means. A Schmiedel 
box is about 7m. long X lift, square. 


Miscellaneous Data for Lead Metallurgy 2 
Zinc Required for Desilverizing Lead 


Silver in lead, 
per cent 

Zinc required, 
per cent 

Silver in lead, 
per cent. 

Zinc required, 
per cent. 

0.025 

1.25 (a) 

0.3 

2.00(a) 

0.05 

1 53(a) 

0 38 

1.84 (b) 

0.1 

1 5 (a) 

0.51 

1.90(b) 

0 15 

1 . 60 (a) 

0.84 

2.45(b) 


(a) According to Ili.incj. ( 6 ) According to Junk » 

Note. — At 350°C lead dissolves 0.0 per cent of Zn; at 050° it will dis- 
solve 3 0 per cent of Zn. 


1 In plants making sulphuric acid from pyritcB, tl»e inlet gascg are con 
sidered to be best at 8 8 per cent SOa, 9 0 per cent. O 2 ; when burning brijp 
stone, the gases should contain 10 05 per cent SOa, 10 35 per cent. Oa. 

2 Schnabei.'s “Handbook of Metallurgy” The Macmillan Co. 





Effect of Steam on Molten Lead 1 

If the temperature of the lead be below the melting point of 
zinc, steam will bring to the surface a zinc crust with some of the 
silver. * 

If the temperature of the lead be slightly above the melting 
point of zinc, the steam will cause a thorough mixing of the zinc 
and lead. 

If the temperature be between a dark red and an incipient 
cherry red, the steam will cause a scum to rise, containing about 
3 per cent, of zinc, which does not, however, take any silver 
away from the lead. 

If it be a clear cherry red, the zinc will decompose the steam; 
the zinc oxide, mixed with lead oxide, collects as a powder on the 
surface of the lead. 


1 Hofman’b “Metallurgy of Lead. 1 
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Softening Lead 1 



Clausthal 

L&utenth&l 

Freiberg 

Denver 

Before 

drossing 

After 

dross- 

ing 

Before 

drossing 

After 

dross- 

ing 

Before 

dross- 

ing 

Liquat- 
ed dross 
(5%) 

Dross 

before 

liquat- 

ing 

Dross 

after 

liquat- 

ing 

Pb 

98.02044 

99.0239 

98.96475 

99.1883 

96.667 

62.40 

53.0 

50.0 

Ou 

0.1862 

0 . 1090 

0 . 2838 

0 . 0907 

0.940 

17.97 

18.2 

26.8 

Cd 

Tr. 

None 

Tr. 






Bi 

0.0048 

0.0050 

0.0082 

0.0083 

0.066 

None 


Au « 









0 . 30 os. 

Ag 

0.1412 

0.1420 

0.1430 

0.1440 

0.544 

0.17 


75.00*. 

As 

0.0064 

0.0053 

0.0074 

0.0032 

0.449 

2.32 


7.31 

Sb 

0.7203 

0.7066 

0.5743 

0 . 5554 

0.820 

0.98 


0.18 

8n 

None 

None 

None 

None 

0.210 

0.04 



mm 

0.0064 

0.0042 

0.0089 

0.0048 

0.027 

0.43 



mm 

0.0028 

0.0017 

0.0024 

0.0015 

0.022 

0.07 



mm 

0.0023 

0.0017 

0.0068 

0.0038 \ 





Bsl 

0.00016 

Tr. 

0.00035 

Tr. f 

0 • 0055 

1 .00 







■■■■■■■■ 


rrm 

2 0 

3.6 

mm 

■MM 



mmm 





B 

H 


■On 



laii 

1.8 

"4 S ' 


1 Hofman’b “Metallurgy of Lead.” 


Pattinson’b Process — Crystallization 


(Ounces of Silver per Ton) 


’In the molten lead 
before crystallization 

In the crystals 

In the liquid lead 

205.33 

113.74 — 135.91 

298.95 

213.49 

92.75-109.8 

313.83 

281.34 

110.58 — 198.33 

422.91 

288.16 

113.74-181.99 

446.24 

420.57 

198.91- 

560.57 

609.57 

586.53- 

659 15 

615.15 

503.99-646.31 

655.65 


Results from experiment — not particularly concordant. 
“Berg- und Hutten-miinniscKe Zeitung,” 1862, p. 251. 


Zinc Table for- a 30-ton Kettle 1 

First Addition of Zinc (to Remove Gold) 

Up to 0.10 oz. gold per ton, 250 lb. zinc. 

From 0.10 to 0.30 oz. per ton, 300 lb. zinc. 

From 0.30 to 0.50 oz. per ton, 350 lb. zinc. 

From 0.50 to 0.70 oz. Au, 400 lb. zinc. . 

From 0.70 to 0.90 Au, 450 lb. zinc, etc., etc. 

1 By Eurich, taken from Hofman’b “ Metallurgy of Lead." 
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Second addition to bring 
silver contents to 40 os. 

Third addition to bring 
silver contents to 1 oz. 

; Fourth addition to bring 
Bilver contents to 0.1 os. 

Os. Ag 
per ton 

Lb. zinc 

Oz. Ag 
per ton 

Lb. sine 

Os. Ag | 
per ton 

Lb. sine 

40 

15 

5 

225 

0.2 

60 

50 

50 

7 

265 

0.3 

75 

60 

100 

10 

320 

0.4 

90 

70 

160 

| 15 

400 

0.5 

105 

80 

200 

20 

450 

0.6 

120 

90 

245 

22 

470 

0.7 

135 

100 

285 

24 

485 I 

0.8 

150 

110 

315 

26 

500 

0.9 

165 

120 

345 

28 

512 

1.0 

180 

130 

365 

30 

530 

1.5 

225 

140 

390 

32 

540 

2.0 

330 

150 

415 

34 

555 

2.5 

390 

160 

440 

36 

570 

3.0 

450 

170 

460 

38 

585 

3.5 

510 

180 

475 

40 

600 

4.0 

562 

190 

495. 

42 

615 



200 

515 

46 

630 





48 

640 

Before desilverising lead 



50 

655 

must be eoftened, for cop- 



52 

670 

per must be removed com- 





pletely, arsenic to a trace, 



O'* 

OoU 

antimony to not over 0.75 



56 

695 

per cent. Copper and tel- 



58 

710 

lurium combine with sine 



60 

734 

even more 
does silver. 

readily than 



62 

747 




Newton’s experiments at Maurer ( Bull . A.I.M.E., 1915, p. 
474), conclusively showed that. 535°C. is the best temperature 
at which to remove the zinc crusts. Carpenter and Whitley 
have shown that there is but one chemical compound formed 
between zinc and silver; this is Zn 3 Ag 2 , freezing at 665°C. It 
is soluble in lead at high temperatures. 


Effect of Impurities on Refined Lead 1 

Antimony and Arsenic — render lead hard and less malleable. 
Said to render lead more easily attacked by hot sulphuric acid 
when antimony is over 0.2 per cent. This seems unreasonable. 
For corroding, lead may not have over 0.005 per cent. Sb. 
Tin, arsenic and antimony are oxidized in that order, and the 
products from softening lead may be separately worked up for 
these demerits. 

Bismuth — 0.118 to 0.352 makes lead hard, somewhat crystal- 
line and more fusible. Over 0.02 unfits lead for corroding. 
e Cadmlum — tends to protect lead against sulphuric acid, 

1 HofmaK, “ Metallurgy of Lead ” 
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Iron. — Lead containing 0.07 per cent. Fe does not seem to lose 
in either softness or malleability. Corroding lead ought not to 
carry over 0.003 per cent. Fe. 

Nickel and Cobalt. — These can readily be eliminated by slow 
fusion. 

Tin— -makes lead light gray, hard and increases fusibility. 
Is readily removed by heating in air. 

Zinc. — Corroding lead ought not to carry over 0.003 per cent. 
Zn. 

Typical Lead Smelting Furnaces 


Dimen- 
sions at 
tuyeres, 
inches 


Blast S T“« U - 

P"*- "f- 

8 ” e - umn, 
02 foot 


Capac- 

ity 

per 

24 hr., 
tons 
ore 


Remarks 


U. S. Smelting Co. F Midvale' 45 X 100 
TinticSm. Co., Tintic, Utah 1 48 X 100 
A S. & R Co , Pueblo, Colo 1 48 X 148 
A S & R Co , Denver, Colo 1 42 X 144 
A.S &R Co., Murray, Utah' 48 X 104 
Port Pine, Australia 1 - a . . . . 02 X 212 

A S & R Co , Perth Amboy, 

N Ji 

Laurium, Greece 1 

Herculaneum, Mo. 2 

l’efloles, Mapimi , Mex 2 .. 

A S. & R. Co., Perth Amboy, 

N. J 2 

Internation Smelting, Tooele, 

Utah 

A. S & R. Co., Chihuahua, 

Mex 2 40 X 202 1 


32 34 
34 
32 
34 
30 


44 X 128, 35 , 

48 X 100 35 401 
42 X 192! 1 

40 X 102 42 


42 X 220 
53 X 180 


10 — is] 

200 

Mech. feed 
Coke, 12 % 
Mech feed 


150 

18 

120-1501 


20 

16G 

Coke, 12 % 

21 

150 

1« 

140 

Coke, 12 % 

20 

250-275 

Coke, 14 % 

22 

150 

Coke. 13.1 ? 


275 

Coke, 12 % 


1 From Gowland'h “ Metallurgy of the Non-ferrous Metals,” p. 156. 

2 Private notes 

» It would appear that the Port Pirie furnace is the largest operating 


Lead-furnace Top Gases. — Contrary to the usual opinion, 
the top gases from load furnaces do not differ markedly from 
those from iron furnaces, if care be taken to exclude dilution 
with extraneous air. Bureau .of Mines measurements show 
from 21.7 to 28 per cent. CO; 11.8 to 15.9 per cent. CO 2 ; 0 to 
0.9 per cent. H 2 ; 0 to 1.7 per cent. 0 2 ; 57.8 to 62.6 per cent. 
N 2 . This means that these gases would have considerable 
calorific power, if undiluted. (Bur. Mines Serial Paper 2957. 
August, 1929.) 

Precipitation of Lead with Sponge Iron. — Lead chloride 
solutions even when vigorously stirred must be heated to 60°C. 
in order to precipitate the lead in less than an hour. As the 
volume of the lead precipitated is greater than the volume of 
the iron precipitating it, it is difficult to get all the lead out of 
the solutions except the precipitate remain high in iroi\. Some 
sort of mechanical rabbling arranged together with a counter- 
current travel of the precipitant is a necessity for commercially 
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successful precipitation. In the experiments of the Bureau of 
Mines (Bvu. 281) a machine of the type of a MacDougall roaster 
was successful, the sponge iron being rabbled down from one 
“hearth” to another, while the solution traveled upward. 

Betterton Chlorine Process. — The best way to remove tne sat- 
uration zinc from desilverized lead is to pass chlorine through the 
molten lead. Molten zinc chloride forms on top of the charge, 
which is finally run off into drums and allowed to solidify. The 
zinc can also be eliminated in a reverberatory furnace by heat- 
ing the lead to 1200°F. and blowing air into the bath. 


ZINC SMELTING 1 

Effect of Impurities in Smelting: 

Alumina — may be objectionable, as zinc spinel may be 
formed. 

Arsenic and Antimony. — These are partly reduced and vola- 
tilized, and appear in traces in the spelter. 

Cadmium. — Cadmium, is more easily reducible and more 
volatile than zinc, and collects in the first dust and metal, which 
can then be used c as a source of this metal. 

Calcium. — Lime alone is beneficial, as it tends to decompose 
zinc sulphide. See Silica, below. 

Fluorspar. — This is an undesirable constituent because it 
forms fusible slags whicli attack the retorts. 

Gold and Silver. — These remain chiefly with the retort 
residues and can be recovered from them by resmelting. 

Iron and manganese — should not be present as sulphide, as 
it corrodes the retort. Also forms fusible slags with silica, 
which corrode the retort. Ten per cent. Mn + Fe represents 
about the upper limit of safety. 

Lead. — Tne chief objection to ldad is that its compounds are 
reduced and some lead distils over with the zinc. 

Magnesia — acts much like lime, but magnesian slags are less 
fusible than calcareous. 

Silica — is inert alone, of no particular consequence when lime 
is present, but is harmful if both lime and iron are constituents 
of the charge since ferrous-lime silicates are extremely fusible. 

Sulphur— decreases the yield of zinc, since the sulphide is not 
decomposed by carbon. Ferrous sulphide corrodes the retort. 

In general, either highly acid or highly basic charges must be 
used, there must be a little space above the charge, and the 
charge should not be too finely pulverized. 

The formation of zinc spinel occurs to a larger extent in hand- 
made than in machine-made retorts; it is diminished greatly 
by addition of coke to the mass used for making the retorts. 
During smelting the slag takes up considerable quantities of 
silica and alumina from the retorts, and a viscous layer, inter- 
mediate # in composition between the slag and the retort, is 
formed, which tends to prevent rapid destruction of the latter. 

* W. R. Ingalls, “ Metallurgy of Zinc and Cadmium.’* 
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It is only at the higher temperatures prevailing toward the end 
of the distillation that there is any pronounced destructive 
action of the slag on the retorts. The absorption of zinc oxide 
by the clay used for making the retorts, and its fixation as 
aluminate, increases with the pressure, temperature, and time. 1 


Miscellaneous Data for Zine Smelting 
Blue Powder Production (Zinc Smelting) 



(a) A small portion in the form of ZnO. (b) Metallic zinc. 88.74 per cent.; 
ZnO, 6.00 per cent, (c) Metallic zinc, 85.34 per cent.; ZnO, 12.06 per 
cent, (d) Metallic zinc, 79 16 per cent.; ZnO, 11.26 per cent, (e) Metallic 
zino. 85.24 per cent.; ZnO, 7.54 per cent. 

W. R. Inqalls, "Metallurgy of Zinc and Cadmium." 



On attempting a jigging of the above, th^se products were 
obtained: 


1 Metall. und Erz., 1914, pp 333, 337, 412, 553. 
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Zn 

'3.87 

5.00 

6-7 

3-1 

Pb 

24.25 

13.10 

40-50 

4-1 

Ag 

Mill m 

0.016 



Fe 

42 . 75 

20.68 

15-20 


8iO*. . . 

18.60 

44 67 

15-20 



8 , 0 - 12.0 
30.0-35 0 
0.04-0 05 


2.50-7*0 

10.0-48.0 

0.040-0.10 

11 77-24.0 

12 75-00 


I 


Roasting Losses 

Tests on the roasting losses on zinc ores are given by Ingalls 1 
as follows : 

Sample 

I II III IV 

per cent |per cent, per cent per cent, per cent. 


Zinc 

31.00 

41.80 

43.93 

47,50 

42.60 

Sulphur . . . 

22.26 

27.40 

24.95 

33.26 

29.07 

Lead 

7.50 

4.00 

7.35 

2.15 

8.75 

Iron 

4.25 

3.00 

5.20 

13.60 

7.50 

Lime . . . . 

1.60 

1.40 

0.10 


0.12 

Magnesia . 

0.65 

0.80 

0.15 

1.20 

1.10 

Baryta 

24.20 

10.55 




Quartz 

2.75 

10.20 

15 46 

1.14 

10.00 

Total. 

94.21 

99.15 

97.14 

98.81 

99.14 

Loss per cent. Zn . 

10.50 

10.05 

11.25 

12.70 

12.00 

per cent. Ag. 

11.77 

10.68 

12.15 

11.22 

12.00 

For complete 

desulphurization a 

temperature of 

900° C . 


(orange color) should be obtained. 

1 Ingalls, “Metallurgy of Zinc.” 


Gases from Zinc Retorts (Letmathe) 1 



Before 

distilling 

begins 

During distillation 

1 

o 

. . . 

3 

4 1 

5 

CO*. . . . 

15.58 

0.48 

1.06 

0.11 

1.10 

0.82 

CO.. .. 

38.52 

not det. 

92.16 

97.12 

not det. 

98.04 

ch 4 ... 

4.17 

not det. 





H. 

41.70 

5.32 

1.83 

not 

det. 

0.72 

N I 

tr 

not det. 

1.01 

0.41 

not det. 

tr. 


Schnabel, “Handbook of Metallurgy,” Vol. II, p. 108. The Mac- 
millan Can. 
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Composition op Zinc Fume 1 


Zn 


97.80 

29 89 

ZnO 

88.20 

57.74 

CdO 

i .46 


Pb 

4.00 

0.23 


so, 

4.12 


Mn,0 4 

0.05 



FeaO* 

1.50 


2.91 

Insol 



9 60 


99.33 

98.03 

100.14 


1 Ibid., p. 176. As can be seen, this is a most variable product. 


Zinc Distillation Temperatures 

According to Ingalls 

In the retort: beginning, 781; end, 1188. 

In the furnace: 1067; end, 1309. 

Interior of furnace near middle wall where the gas is intro- 
duced, about 1315°C. 


Capacity and Weight of Cylindrical Retorts 1 


Length 

outside, 

in. 

7 in. diain. inside 

8 in. diam. inside 

i Outside 
vol , 

[ cu. in. 

Inside 
vol , * 

cu. in. 

wt. 

lb. 

(a) 

Outside 

\ ol., 
cu. in. 

Inside 
vol , 
cu. in. 

wt. 

lb. 

(a) 

46 

2926 

1693 

86.3 

3613 

2212 

98.1 

47 

2990 

1732 

88.0 

3691 

2262 

100.0 

48 

3054 

1770 

89.9 

3770 

2312 

102.1 

49 

3117 

1809 

91.6 


2362 

104.0 

50 

3181 

1847 

93.4 

3927 

2413 

106.0 

61 

3244 

1886 

95.1 

4006 

2463 

108.0 

52 


1924 

96.9 

4084 

2513 

110.0 

53 

3372 

1963 

98.6 

4163 

2564 

112.0 

64 

3435 


100.4 

4241 

2614 

113.9 

65 

3499 

2040 

102.1 

4320 

2664 

115.9 

56 

3563 

2078 

104.0 

4398 

2714 

117.9 

67 

3626 

2117 

105.6 

4477 

2764 , 

119.9 

58 


2155 

107.5 

4555 

2813 

121.9 


1 W. R. Ingalls, “Metallurgy of Zinc and Cadmium.” • 

(a) After burning. An old retort will carry 12-18 per cent, of its wei^it 
in cine. 





736 METALLURGISTS AND CHEMISTS’ HANDBOOK 


Dimensions of Zinc Retorts Used in the United States 1 


Place 

Cross section 

Length, 

in. 

Diameter, 

in. 

Carondolet 

Circular 


8 

Collinsville 

Circular 

48 

8 

Friedensville 

Circular 

46 

8 

Lasalle 

Circular 

54 

8)i 

Jersey City 

Circular 

54 

7 

Jersey City 

Elliptical 

54 

7X9 

Peru 

Elliptical 


7KX11 

Pulaski 

Elliptical 


8X10 

Pittsburgh 

So. Bethlehem .... 

Circular 

46-50 

8 

Elliptical 

51 

6MX12K 


1 W. R. Ingalls, " Metallurgy of Zinc and Cadmium.'’ 


Retort Duty. — According to In galls, a production of about 
4)£ tons of spelter per retort per year is a safe estimate. 

Glazing. — Sometimes the retorts are glazed when dry in 
order to make them impervious to the passage of gas. Lead 
glazes may not be used; more often porcelain and salt glazes 
are used. The porcelain glaze consists of 84 parts ground feld- 
spar, 35 parts calcium carbonate, 26 to 91 parts china clay and 
54 to 204 parts quartz sand. It is not necessary that the glaze 
be quite white. The glaze is made into a mixture with gum 
arabic, dextrine or some other paste and painted on the inside 
of the retort to a thickness of about )6 in. 

Cadmium-bearing Flue Dusts 1 


Silesia works 

Godulla works 



Total 

Total 

^ble~ Insoluble 

^ble" Insoluble 



ZnO 17.144 7.192 

PbO ... 6.285 

CdO . .. 0.8741 1.147 

TIO 0.006 

FeO. .. . 1.896 

MnO .... 1.332 0.042 (MmO. 

2.900 


CaO 0 714 0.478 

MgO 0.168 0 440 

AssOa 0.401 

PiOs 0.263 

80a 20.430 6.612 

HaO 11.400| 

Residue.*... 7.765 


FejOa. 
AljOa. . 


9.043 

3.115 


24.336 10.991 
6.285 

2.021 120 
.0.006 006 
1.896 676' 

1.376 481 

15.058 

1.192 464! 

0.608 337| 

0.401 
0.263 

27.042 13.3201 
11.400 850| 

7.765 


9.532 

20.523 

8.980 

8.980 

1.518 

2.638 

O.OOfl 

1.676 

591 (MnaOO 

2.072 

15.928 

18.868 

4.601 

5.792 

1 071 

1.535 

0.858 

2.195 

1.280 

1.280 

0.394 

0.394 

9.061 

22.381 


4.850 

6.804 

6.804 


1 Schnabel’s “ Handbook of Metallurgy.” The Macmillan Co. 

* 

/Spiegel Smelting. — G. C. Stone says that the manganese in 
the slags* from spiegel smelting is at a minimum when the 0 
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of the Si0 2 + HO of the ALOs is equal to the 0 of the CaO + 
MgO. (Discussion of paper by Philip S. Morse, February 
meeting, A.I.M.E., 1929.) 

Zinc-oxide Making. — G. C. Stone says that in burning ores 
for the production of zinc oxides, a minimum of zinc will be 
left in the ore if O of the Si0 2 + HO of the ALOs is equal to 
O of CaO, MgO and MnO. (Discussion of paper of P. S. 
Morse. February meeting, A.I.M.E., 1929.) 

Fuming Off Zinc from Lead Slags. — At East Helena, Mont., 
lead-furnace slags, containing 12-15 per cent, zinc, are treated 
for its recovery. The furnace is water jacketed, 8 X 12 in. 
area, with a charge hole in one end into which is poured liquid 
slag from the lead furnaces. At the other end is the tap hole. 
The bottom of the furnace is made of water-cooled cast-iron 
plates and about 4 in. above these plates are the tuy feres, 11 on 
a side, 4 in. in diameter. Each tuyere contains a H in. coal 
pipe, for feeding coal into the blast air. The charge hole is 15 
Ft. above the furnace bottom. Above the charge hole is a 
rectangular canopy of water jackets which confine the gases so 
that they may be conducted into a dust-collecting system. 
Then comes a horizontal flue of water jackets, 8 X 8 X 34 ft. 
This flue is provided with adjustable openings through which 
air is admitted to burn the zinc vapor to zinc oxide. The 
powdered coal is delivered by screw to an injector where it is 
picked up by air at 90 lb. pressure. The time of blowing a 
charge is from 100 to 160 min., and the depth of liquid bath in 
the furnace is about 3 ft. From 20 to 35 per cent, of coal is 
used. It is not economical to try to extract over 85 to 90 per 
cent, of the zinc (A. Laist, Eng. and Min. J our., Aug. 24, 1929). 

Electrolytic Lead Refining. — In a refinery operating under 
commercial conditions the ampere efficiency in lead deposition 
was 88.5 per cent, with a deposit of 20 lb. per kilowatt-hour. 
The current density used was 16.7 amp. per square foot. Anodes 
were spaced 4 H in. from center to center. Starting sheets were 
cast by allowing molten lead to flow down an inclined cast-iron 
plate. Electrolytic lead refining must be made to pay through 
its byproducts, particularly bismuth, and it seems questionable 
whether it can be adapted to a low-bismuth bullion. 


Typical Electrolytic Lead Refinery Materials 
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Electrolytic White Lead 

The Sperry electrolytic white lead process is operated by the 
Anaconda Copper Mining Co. The anode is lead, the cathode 
is iron, the cell is a diaphragm cell, the anolyte containing 
sodium acetate and a small amount of sodium carbonate; the 
catholyte containing sodium acetate and a relatively large 
amount of sodium carbonate. 

The action occurring when the current is applied may be 
described, simply, as follows: The lead is dissolved from the 
surface of the anode, electrolytically, as lead acetate and is 
immediately reprecipitated as insoluble basic carbonate, 
2PbC0 3 .Pb(0H) 2 , by the sodium carbonate in the anolyte, 
thus restoring the sodium acetate but depleting the anolyte 
in C0 3 ion. The proper concentration of C0 3 is restored and 
maintained constant by passage of this ion through the dia- 
phragm from the catholyte, which in turn becomes impoverished 
in CO 3 . The anolyte enters the cell clear and leaves carrying 
the white lead in suspension, but with no change in composition. 
The catholyte enters the cell high in Na 2 CO :t and low in NaOH, 
and leaves low in Na 2 C0 3 and high in NaOH. The CO a is 
restored by carbonating the catholyte at one point in its cir- 
culation outside the cell. 

The white lead produced in suspension in the anolyte is 
removed from the cell continuously by the circulation of the 
anolyte. It is separated from the solution by settling and 
filtration and the clear anolyte is returned to the cell. The 
white lead thus removed is washed, dried, pulverized, and 


barrelled for market. 

Anodes Anode Slime 

Ag, oz. per ton 0.29 33.3 

Pb, per cent. 99.87 66 17 

Sb, per cent. 0 012 .« 1 86 

As, per cent. 0 . 0005 0 08 

Cu, per cent. 0.0004 0.06 

Zn, per cent. 0 . 0029 0.40 

Bi, per cent. 0.111 10 35 

New anode weight 250 0 lb. 

Scrap anode weight 75.0 1b. 

Time of corrosion ' 85 hr. 

Cell voltage. . 3.5 

Current density, amp. per sq. ft. 29 6 

Current efficiency 97.0 

Anolyte temperature, deg. C.. . 40.0 

Thickener feed, per cent, solids 0.50 

Thickened pulp, per cent, solids . . 30 00 

Washed filter cake, per cent, solids 55 00 

Dried product, per cent. H 2 0. . 0 20 

Drier temp., max., deg. C 120.0 


The t$nks are reinforced concrete covered with asphalt. 
Tl*i fittings are hard rubber, including the diaphragm support- 
ing frame: Launders are wood with soft sheet-rubber linings. 
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The cells are 24 X 54 X 33 % in. with a shallow hopper 
bottom. There are 18 anodes, spaced on 3 in. centers, with 17 
cathodes. The diaphragms are of tightly woven linen duck. 

Copper Leaching 

In general, leaching processes fall into 12 distinct groups: 
(1) Oxidation of sulphides in the ore with formation of water- 
soluble sulphates. This may be slow, going on at ordinary 
temperatures; or a quick sulphatizing roast. This latter, in 
turn, may be either an oxidation of sulphides already present 
in the ore, or with addition of pyrite material, such as was 
tried in the Shannon Copper Co’s, experiments. However, 
owing to the formation of basic compounds, the products of 
the sulphatizing roast must ordinarily be treated with dilute 
sulphuric-acid solution, so that this process grades into: (2) 
Leaching of oxidized ores or calcined sulphides with sulphuric 
acid, in which category come the successful operations of the 
Anaconda Copper Mining Co., the Chile Exploration Co/s plant 
at Chuquicamata, the New Cornelia Copper Co. at Ajo, Ariz., 
the Arizona Copper Co.’s leaching plant at Clifton, and the 
Butte-Duluth and Steptoe plants. Somewhat akin to these 
is: (3) The use of soluble persulphates, of wlfich iron is the only 
practical example, as a solvent. The Siemens & Halske process 
is the classic example of this: 

Cu,S + 2Fe 2 (S0 4 ) 3 = 2CuS0 4 + 4FeS0 4 + S 
CuO + Fe(S0 4 ) 3 = CuS0 4 + Fe,(SO<)tO 
(4) Closely allied to (2) is the process used at Stadtberge and 
Linz, Germany, in which oxidized ores were treated with sul- 
phur dioxide and nitrous bases. Intermediate between two 
main groups of sulphate and chloride leaching stands: (5) the 
Dot sell process, used at Rio Tin to, Spam. In this process, 
ferric sulphate and salt are the reagents, the equations being 
essentially : 

CuS + Fe 2 Clr, = 2FeCl 2 + CuCl 2 + S 
Cu 2 S + Fe 2 Cl 6 = 2FeCl 2 + Cu 2 Cl 2 + S 
The liquor is regenerated, after precipitation of the copper, by 
running it down through chlorine towers, the gas being produced 
by heating salt and ferrous sulphate in an oxidizing atmosphere 
in reverberatories : 

2FeS0 4 + 4NaCl + 30 = Fe 2 0 3 + 2Na 2 S0 4 + 4C1 
The Hunt-Douglas process also falls into the same class. 
Among the chloride-leaching processes the use of (6) hydro- 
chloric acid has been proposed but does not seem to be in com- 
mercial use anywhere at present. (7) Hopfner uses cupric 
chloride: # 

CuCl 2 + CuS = Cu 2 Cl 2 + S 

while the use of ferrous chloride is theoretically attractive: 

3CuO 2FoCl 2 = Fe 2 0» CuCl 2 Cu 2 Cf 2 
3CuCOa + 2FeCl 2 = Fe 2 0 3 + Cu 2 Cl a + CuCl* + 3COf 



740 METALLURGISTS AND CHEMISTS’ HANDBOOK 


Practically, however, the reactions are slow, precipitation of 
the copper expensive, and regeneration of the “ic” salts incom- 
plete. (8) The Longmaid-Henderson process first calcined the 
ores, then roasted with abraumsalz , a mixture of sodium, 
potassium, magnesium and calcium chlorides. . In an absolutely 
different class of reagents come: (9) Ammonium carbonate or 
(10) ammonia. The great difficulty with these processes has 
been the loss of the reagents by volatilization, but the ammonia- 
leaching process is very successfully used both by Calumet & 
Hecla, and Kennecott, the first on tailings containing native 
copper, the other on ore. (11) Last is the theoretically beauti- 
ful leaching with sodium thiosulphate, which appears to be a 
practical failure through the ready decomposition of the reagent 
and the inhibitory effects of calcium compounds. (12) Leach- 
ing with nitric acid was tried by the Nevada-Douglas Copper 
Co. at Ludwig, Nev. 

Any review of leaching would be incomplete without some 
reference to the ingeniously worked out Bradley process. 1 The 
ore was carefully roasted to a sulphate and most of the iron 
was converted into insoluble ferric oxide. This must be done 
at temperatures between 450 °C. and 550°C. The roasted ore 
was then brought, into association with an excess of calcium- 
chloride solution in a reaction drum at about a temperature of 
100°C. Cupric chloride was produced by the reaction between 
the copper sulphate and the calcium chloride, while any ferric 
sulphate in the roasted product reacts with the calcium chloride 
to produce ferric chloride. The calcium sulphate from both 
these reactions is of course insoluble and is separated by filtra- 
tion in the succeeding step. 

From this solution the iron and alumina was precipitated by 
cupric oxide, hydrate, or calcium carbonate, which carries 
down some copper. This precipitate was therefore returned, 
to the sulphatizing-roasting process, in which the bulk of the 
iron and alumina were rendered insoluble, while the copper was 
converted into soluble copper sulphate. 

The solution from which the iron and alumina had been 


removed and which contained the bulk of the copper was run^ 
into a second tank in which copper was precipitated by calcium 
* carbonate as oxide of copper. Xhe precipitate was filtered off 
and the copper recovered, while the calcium chloride was regen- 
erated for use on further quantities of ore. There were also 
modifications for recovery of the silver, gold and zinc in the ore. 
Apparently its own chemical complications caused its failure. 

In the consideration of any leacning process the first factor 


is the character of the ore. Thus, an ore containing large 
amounts of calcium carbonate obviously cannot be successfully 
leached with any free-acid reagents. The same would equally 
apply tb ores containing large amounts of soluble alkalies, 
magnesia, alumina, etc. The leaching agent will be determined 
partly by the character of the ore and partly by its own cost. 
Thf! reagent most generally available and cheapest is sulphuric 


»U. S. Pat. No. 1,011,502. 
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acid. a Ample wash water is a sine qua non, while the last great 
question is that of a precipitating agent. On this we are at 
once reduced to iron, sulphur dioxide under pressure, electrol- 
ysis and calcium carbonate or hydrate. 

Scrap iron, after the floating supply of tin cans has been 
utilized is likely to be an expensive commodity. Using a fairly 
pure copper sulphate solution, the consumption of iron is likely 
to run from 1H to 1% lb. of iron per pound of copper produced. 
Where the solutions are high in chlorides, as in the Dotsch 
process at Rio Tinto, the consumption of iron is said to run 
as high as 2J^ lb. of iron per pound of copper produced. How- 
ever, the possibilities of sponge iron, i.e., iron produced by the 
reduction without fusion of ferric oxide, have by no means 
been exhausted. 

Electrolysis has been very successful in the immense installa- 
tions of the New Cornelia and Chile Copper Cos. and seems to 
be the best bet for precipitation. 

Precipitation of Copper with Sponge Iron. — An excess of 7Yi 
per cent, of sponge iron over that required stoiehimetrically to 
precipitate the copper is usually sufficient. Little advantage 
was gained by adding over 15 per cent, excess. Over 80 per 
cent, of the copper is usually precipitated ip 2 to 4 min. In- 
crease in acidity slows down the rate in rich solutions, but 
increases it in poor. Precipitation with the air excluded just 
as far as possible is recommended by the Bureau of Mines 
(Bull. 281) as minimizing resolution of the copper. 

Ferric Sulphate -sulphuric Acid Process of Copper Leaching. — 
Fundamentally, the process consists in bubbling gas mixtures 
obtained from a roaster through a ferrous-sulphate solution 
such as results when copper is precipitated from a sulphate 
solution by metallic iron, to obtain a mixture of ferric sulphate 
and sulphuric acid, which is used as the leaching solution. The 
equations are: 

2FeSO« + SOa *4~ O 2 = Fe2(S0 4 )3 

Fe 2 (S0 4 )? + S0 2 + 2H 2 0= 2FeS0 4 + 2H 2 S0 4 . 

Eventually the two equations proceed simultaneously. 
The Bureau of Mines (Serial No. 2839, Nov. 1, 1927) states 
that at least up to 80°C., the. higher the temperature, the more 
rapidly may the iron be oxidized. At 40°C. there must not 
be over 10 grams free sulphuric acid per liter in the completely 
reduced solution to be oxidized, ana there should be at least 
three times as much oxygen as SO 2 in the gases being led into 
the solution. The maximum capacity for converting SOa is 
found when the iron concentration is about 5 grams per liter. 

The process of leaching with ferric sulphate has been tried 
on a large scale by the Inspiration Copper Co. (G. D. van 
Arsdale, Trans. A.I.M.E . , February meeting, 1926). He 
states that contrary to the textbooks, much more than half 
the copper of CU 2 S is soluble in ferric sulphate solution and 
that a reasonable regeneration of ferric sulphate can be con- 
ducted in a non-diaphragm cell. 
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Van Arsdale experimented with both graphite and lead 
anodes. The former gives a low overvoltage and as high 
efficiency of conversion of ferrous to ferric iron as compared 
with lead but to get minimum voltages agitation and high 
temperatures are necessary. About 15 amp. per sq. ft. are 
necessary to prevent solvent action at the cathode by the 
regenerated iron. For electrolysis the following limits were 
found desirable: Cu (as sulphate) 2.5-3. 5 per cent.; total Fe, 

1. 5- 2.5 per cent.; ferric Fe up to 1.0 per cent.; free acid 

3.5- 7. 5 per cent, maximum. About 0.5 per cent of the 
copper can be plated out as reguline copper. Below 0.4 per 
cent. Fe"', the solvent action of ferric iron is feeble; at over 
0.75 per cent Fe'" it is active. Therefore, while it is theoret- 
ically possible to obtain a complete reduction of ferric iron 
during leaching, it is very inadvisable to do it. 

Leaching was by counter-current contact continued 9 days 
on three-mesh ore, followed by six washes taking three days. 
The strongest wash water was added to the copper solution 
in the tank house. The tailings ran about 0.2 per cent. Cu. 

Ammonia Leaching of Calumet & Hecla Tailings. — These 
tailings contain only native copper and no sulphide or oxide 
minerals, and there is about 2 per cent, of +28 and 15 per cent, 
of -200-mesh material present. A solution of copper ammo- 
nium carbonate is employed as the leaching agent and as much 
of the copper as possible is in the cupric state when the solution 
is passed over the ore, since the essential reaction is that between 
the cupric ammonium carbonate and metallic copper giving 
cuprous ammonium carbonate, soluble in excess of ammonium 
carbonate and ammonia. 

After solution is over and the rich solution drawn off the 
exhausted tailings, a portion of the solution is distilled precipi- 
tating copper oxide and volatilizing ammonia and carbon- 
dioxide. The remainder of the solution is reoxidized to the 
cupric state and the recovered ammonia and carbon dioxide 
from the distillation added to it. 

Leaching is done in steel tanks, 54 ft. in diameter X 12 ft. 
high. During leaching the tanks an? kept covered by a trussed 
steel lid, which fits into an annular launder filled with water, 
thus avoiding ammonia losses. The leaching solution carries 
30 grams of copper and 60 grams of ammonia per liter and 
passes through the tailings by downward percolation. The 
first effluent is sent to the distilling apparatus as it is stronger 
in copper and more thoroughly reduced than is the solution 
coming through later. The later effluent is oxidized by flow- 
ing it down through a tower with grids through which passes 
an upward current of air. The exhaust air passes through 
and absorption tower to recover any ammonia carried off. 

The exhausted tailings are given a wash with a solution high 
in ammonia and low in copper, then with water, and are then 
given a steaming tew remove adherent ammonia. The tailings 
are on a '.filter bottom and air is exhausted from under the 
bottom, steam being admitted above the sand at atmospheric 
pressure or a little above. 
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Distillation takes place in two stages, the first a still in which 
scrapers remove the precipitat'cd oxide and hydroxide of copper; 
the second a still to remove the last of the ammonia and carbon 
dioxide with a comparatively small deposition of copper oxide. 


1923 costs 

First half | 

I 

Second half 

Tons sand treated 

741.000 

923.130 

Lb. Cu produced . . . 

6,171.000 

7,454.000 

Cost per ton sand, cents 

36.73 

32.25 

Cost per lb. Cu, cents 

4.41 

3.99 

Lb. Cu recovered per ton 

8.33 

8.07 

Assay of oxide, Cu 

82.05 

82.55 

Assay feed. . ... 

0.521 

0.507 

Assay tailings 

0.108 ; 

0.103 


Ammonia losses amount to about 8 cts. per ton of sand, with 
ammonia at 18.5 cts. per lb. 

Tailing Leaching at Anaconda (1916). — The tailings are 
roasted in 20-ft. diameter externally fired six-hearth McDougall 
furnaces, the roasted tailings going through* a cooler and then 
through a concrete lined cylinder where it is mixed with water 
so that a moist warm calcine is delivered to the leaching vats. 
These are redwood tanks 50 ft. in diameter X 14 ft. deep hold- 
ing about 1,000 tons of calcine. The tanks are built with a 
filter bottom, made of 1 in. slats on 2 X 4-in. pieces. Above 
this are two layers of heavy cocoa matting and on top of the 
matting is a grating made of IK X 3K-in. boards with fi-in. 
square spaces. These fill with calcine and prevent the sluicing 
water from tearing the matting, which is rotted by the solutions 
used, but is an efficient filtering medium after it is rotted. Lead 
pipes are used for the leaching solutions, with “acimet” valves. 
The floors of the leaching and solution buildings are of concrete, 
painted with an asphalt-tar mix for acid proofing. Precipita- 
tion is on scrap iron in concrete launders, 250 ft. long, with a 
section 4 X 8 ft. There is a heavy grating on which the scrap 
iron rests, with a 6-in. space underneath it. 

The roast is a simple oxidation. The hottest floor in the 
f u rnace is abou t 535 °C . Tli i s is the t h i rd floor (externally fired ) . 
Leaching is by downward percolation of solutions at about 50°C. 



Cu, 

per 

cent. 

n 2 so4, 

per 

cent. 

NaCl, 

per 

cent. 

No. 1 Solution .... 

0.8 

5.0 

7.0 

No. 2 Solution 

0 1 

0 5 

3 . 5 

Copper-solution tank 

1 9 

1.0 . 

7.0 

Wash-water tanks 

0.2 

1.0 

l.« 
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coming off the newest charge and going to the reduction towers 
is known as the “neutral advancer” 

Upon the entrance of a new charge into the circuit the solu- 
tion remaining in the oldest tank is drained to the solution 
storage, where it is standardized with acid and is later used 
as acid advance. After thorough draining the tank is ready for 
the wash water. 

As the copper entrained in a charge after leaching is about 
one-third of the total copper dissolved, the question of thorough 
washing is very important. Four successive wash waters 
with drainings are used. 

The fourth wash of any one charge is used as the third wash 
of the succeeding charge, the third used as the second and the 
second as the first. In other words, each wash water is used 
four times, the copper contents increasing each time, when it is 
incorporated into the system to make up the continuous losses 
of solution. These losses are due to evaporation, discard, 
and solution entrained in tailings. 

After a charge has been washed and drained, the tailings are 
removed from the tank by a Hulett unloader, similar to 
unloaders used on the Great Lakes for unloading iron ore from 
boats. A heavy steel bridge on trucks spans the leaching tanks 
and travels their entire length. On this bridge travels a trolley 
carrying a walking beam, bucket leg, and bucket of 12-ton 
capacity. The unloadcr has a rated capacity of 500 tons per 
hour and will generally excavate a tank of tailings in 10 to 11 hr. 

Reduction of Iron. — In the electrodeposition of copper from 
a sulphuric acid solution, iron, if present, will consume electrio 
energy, by its alternate oxidation and reduction, thereby 
reducing the quantity of copper deposited per unit of current. 
During the experimental work the control of the ferric iron 
proved one of the hardest problems to solve. A patent dia- 
phragm anode was tried and gave good results, but was cumber- 
some and difficult to keep in order. Later, tests made on a 
process in which iron and alumina were precipitated as hydrated 
oxides by the addition of roasted copper ores gave good results. 
This method was considered too complicated for an ore of this 
character. The idea was then suggested of using the natural 
oxides and carbonates in the ore itself as the precipitant of 
the ferric sulphate; in other words, the precipitation of the 

g rincipal impurities in the solutions upon the charge itself. 

iarly tests made on a small scale were very promising, but 
tests carried out later on a larger scale failed to give the desired 
results. For the first 15 or 20 days, the copper in the newest 
charge of ore was sufficient to precipitate all the ferric iron 
that was contained in the solution passing through the ore. 
However, as the acid concentration on each charge increased, 
the precipitated ferric iron was redissolved and eventually 
accumulated to such an extent that the iron in the solution 
was in excess of the popper available as precipitant. 

I^was then decided to resort to SO 2 reduction. The general 
opinion was that this was both unsatisfactory and difficult. 
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This proved to be the case in solutions decidedly acid, but where 
neutral or slightly acid solutions were used, reduction proved 
quite easy. 

The solution (or neutral advance) to be reduced travels 
countercurrent to the flow of gas, that is, the most reduced 
solution comes in contact with the strongest gas. The solution 
coming from the newest tank of ore is pumped to the top of 
the third pair of towers by a centrifugal pump. The solution 
distributed by launders and gas seals flows down over the Ailing, 
thus coming into intimate contact with the rising gas. At 
the bottom of each pair of towers there is a concrete lead-lined 
sump, into which the solution flows and is then pumped through 
the next pair of towers. From the first pair of towers the solu- 
tion is pumped to the second pair, then to the third pair, 
and then to the so-called settling tank, whence it goes to the 
tank house. The purpose of this settling tank is twofold: 
one, to settle out the slime; the other, to get the benefit of the 
additional reduction that was found to take place in a neutral 
or slightly acid solution on standing. 

The electrolytic tanks are housed in a structural-steel build- 
ing, 166 ft. wide and 280 ft. long, having sides only partly 
enclosed to give good ventilation. The tanks are all on the 
same level, none in cascade. • 

The cellar, which is open on all sides, has an asphalt floor 
draining to glitters that lead to a sump at each end of the build- 
ing. There is head room throughout the cellar to permit 
regular inspection of tanks, piping, and feed wnres. 

. The electrolytic tanks are arranged in banks with aisles 
between. There are twelve banks of ten tanks each and four 
banks of eight tanks each, making a total of 152 tanks. Each 
tank is separated from the adjacent tank by a 3-in. air space. 
All tanks are made of Oregon pine, lined with 7-lb. chemical 
lead. The inside dimensions of the tanks arc 29 ft. 7 in. long, 
4 ft. 9 in. wide, and 4 ft. 3 in. deep. These tanks are supported 
on concrete columns, and are insulated by tile blocks covered 
with sheet-lead caps. Each tank is provided with a 4-in. clean- 
out plug. There are also two perforated lead diaphragms, one 
at each end of the tanks, to assure a uniform circulation. The 
inlet to each tank is fitted with a 334-in. diaphragm valve and 
a 334-in. glazed stoneware gooseneck for insulating purposes. 
At the outlet end there is a lead overflow pan fitted with a 
4-in. tile pipe suspended in a 10-in. lead boot connected to the 
discharge pipe. 

Each tank has 84 anodes, making a total of 12,768 in the tank 
house. The anodes are of lead containing 3.5 per cent, anti- 
mony. The average weight of a lead anode is 215 lb. They 
are 40 by 51 by H in. thick, and are suspended by two } 4- by 
1 34-in. copper bars secured to the tops of the anodes. The 
submerged surface of all anodes is 41 by 41 in. The spacing 
of anodes is 434 in. on centers. The distance from the bottom 
of an anode to the bottom of the tank is 8 in., while that of the 
cathode is 7 in. Short circuits are prevented to some extent 
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by providing the anodes with eight chemical glazed-porcelain 
insulators distributed over the an6de faces. 

Much doubt was expressed about the life of the lead anode 
and some very positive statements were made regarding their 
probable length of life. Continuous service extending for 
over a year has failed to show appreciable oxidation. 

There are 77 cathodes to a tank, or 9,779 cathodes in the tank 
house, exclusive of starting-sheet blanks. The cathodes, which 
are 42 in. square, are totally submerged. They are suspended 
upon copper bars by loops made from starting sheets. The 
original starting sheets weighed about 15 to 18 lb., while the 
finished cathodes weigh 130 to 140 lb. At present 127 tanks 
are used for making cathodes and about 14 to 16 days are 
required to produce cathodes of the desired weight. 

One section of eleven cathodes is removed at a time and carried 
to the center aisle, where they are washed with hot water to 
remove the salts and soluble copper. They are then landed on 
an iron frame to facilitate the hand trucking to the freight ears. 
Each car is sampled by drilling every twentieth cathode in the 
center and in diagonally opposite corners. All electrolytic cop- 
per, whether cathode or scrap, is shipped to a refinery, where it is 
melted, brought up to pitch, and cast into commercial shapes. 

The cathodes pro'duced have varied from 99.15 to 99.85 per 
cent, in copper content, the impurities being principally slimes, 
held by mechanical entanglement. The greater the density 
of the electrolyte the lower is the copper content in the cathodes, 
and the greater the insoluble matter, iron, and alumina. The 
cathodes always contain more or less chlorine, varying from 
0.05 to 0.35 per cent. There being no arsenic or antimony in 
the ore, and very little in the acid, the average arsenic content 
of the anodes is less than 0.0015 and the antimony less than 
0.0005 per cent. 

Twenty-five tanks operate on starting sheets, each tank con- 
taining seventy-seven starting blanks, or a total of 1,925 blanks. 
The starting blanks are of rolled 3.5 per cent, antimonial lead, 
53 by 43 by 34 in., and are large enough to allow a small amount 
of trimming, which is done with a squaring shear. The anodes 
in these tanks are 3.5 per cent, antimonial lead, and are 41 by 
52 by 34 in- They do not have porcelain insulators, as these 
tend to spot the starting sheets. The spacing of anodes in 
these tanks is the same as in the commercial tanks. The tank 
construction and other details are likewise similar. 

Eleven blanks are handled at one time by the crane, and 
placed on an iron stripping rack provided with a crawl so that 
the blanks can be earned, one at a time, to the center of the 
rack, where the starting sheets are removed by two strippers, 
one stripping from each side. After stripping, the blanks are 
oiled and*placed on the opposite end of the rack to be returned 
by the crane to the tanks. 

The electrodes hang parallel to the flow of solution (or parallel 
to the length of the tanks) to give a free circulation of the 
electrolyte. 
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Alternate busbars extending across the tanks connect the 
electrodes in parallel and the tanks in series. These busbars, 
placed across the tank, divide it into seven sections or cells. 
The intermediate busbars are 13^ in. wide and 4 in. deep, while 
the end busbars are 1 in. wide and 4 in. deep. Soldered along 
the topof each busbar is a triangular piece of copper, ^ in. 
high, giving a point contact to the electrode bars. Small 
maple blocks impregnated with linseed oil insulate cathodes and 
anodes from opposite busbars. These busbars are supported 
on insulated iron castings, which, in turn, rest on the tank 
cleats. The current for the deposition of the copper is supplied 
to the tank house by two identical 15,000-amp. circuits, each 
circuit having seventy-six tanks in series. This arrangement 
gives the maximum current density of 8 amp. per square foot 
of cathode surface when operating under normal conditions. 
With an average current efficiency of 80 per cent, this means a 
daily gain of about 10.25 lb. per cathode, or a total capacity 
of 120,000 lb. of electrolytic copper per day. The drop of 
potential between anodes and cathodes has averaged very 
close to 2.00 volts. There is a tendency for the voltage to drop 
during the summer due to an increase in the temperature of 
the electrolyte. a , 

The solution flow in the tank house is part of a closed circuit 
with the leaching and reduction plant, receiving a continuous 
flow of solution from them. This flow, coming always off the 
newest ore, then through the towers and settler, is regulated by 
means of weirs and has varied from 800 to 1,500 gal. per minute, 
depending on operating conditions. This volume is divided 
among the sixteen banks of tanks, those on starting sheets 
getting generally a little more than those on cathodes. By this 
arrangement each bank of tanks on cathodes receives between 
60 and 70 gal. per minute of reduced solution. Each bank 
unit consists of either eigh\ or ten tanks, a sump, and a 9-in. 
vertical-type centrifugal pump having a capacity of 1,600 gal. 
per minute. Each bank has an individual circulation of 1,600 
gal. per minute between it and the sump, while an overflow 
arrangement provides for the return of such a portion of the 
electrolyte as is equivalent to reduced solution added. 

The current efficiency depends on the quantity of ferric 
sulphate present, due to the reaction between ferric sulphate 
and metallic copper. The ferric iron content in the solution 
is kept as low as possible and the conditions shown are as good 
as can be expected. No doubt, with a smaller quantity of 
total iron present in the solution less would be oxidized, and 
it was recommended that the total iron be kept below 2 per 
cent. With the total iron not over 2 per cent., the ferric iron 
in the electrolyte will probably not exceed 0.5 per. cent., the 
current efficiency will be increased, and more acia will be 
regenerated. 

At the beginning of operations in the Aank house, a great 
deal of difficulty was encountered by the dropping of cathodes 
in the electrolytic tanks, due principally to the corrosive action 
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of the ferric sulphate on the loops at the solution level, and on 
that part of the cathode covered by the ends of the loops. Cor- 
rosion at the solution line was easily remedied by raising and 
lowering the solution level in the electrolytic tanks, but the 
corrosion of the cathode sheet between the loop ends was far 
more difficult to overcome. Later, this condition became worse 
with the increase in the ferric iron and higher temperature of 
the electrolyte. The dropping of cathodes not only caused 
bad short circuits in the tanks, but also made it necessary, when 
pulling cathodes for shipment, to pull individual sheets with 
tongs, which made it almost impossible to handle the daily 
output of cathodes. Considerable damage was also done to 
the lead lining of the tanks and the danger from accidents was 
more than usual. Numerous schemes to overcome this diffi- 
culty were suggested and tried, until it was found that, by 
splitting the ends of the loop and attaching them with a Morrow 
machine in such a manner that the portion of the starting sheet 
adjacent to the loop was exposed to the deposition of copper, 
not only the loop, but also the sheet built up, making a good 
firm joint. Since the adoption of this method no further trouble 
has been experienced with dropping sheets. Patents have been 
applied for and allowed covering this improved loop. 

Only about 45 to 50 per cent, of the total acid used in an 
8-day leach is utilized in dissolving copper. The remainder is 
used in dissolving impurities. If copper only is removed from 
the solution, the other substances will gradually accumulate 
and the solution will reach a condition where it will become 
sluggish in dissolving the copper from the ore. To keep the 
solution active, it is evident that a portion must be discarded 
and replaced with fresh water. The quantity of solution dis- 
carded per day must contain impurities equivalent to the 
amount dissolved per day, if the accumulation is to be avoided. 
In the experimental work it was 'found that, under similar 
conditions, nearly all the substances that went into the solution 
were present in a fairly constant ratio to one another. Of the 
various impurities dissolved, iron is the most easily and quickly 
determined and was used as the indication of the quantity of 
solution necessary to be discarded. The experimental work 
clearly demonstrated that the b,est results are obtained when 
the total iron in the solution does not exceed 2 per cent. 

The original cementing equipment consisted of six sections 
of reinforced-con crete launders. These are arranged in two 
parallel rows of three sections each. The bottom of each laun- 
der slopes toward three side clean-out gates. The scrap iron 
rests upon a grated wood floor. The solution flows through 
each one successively, but may be by-passed to allow the cleans- 
ing and refilling of any of the sections. From these launders 
the wasfe solution was to go to the desert. 

Under good operating conditions practically all the copper 
is precipitated. When a launder is no longer efficient, the 
solution to that launder is by-passed and the solution remaining 
jn it is drained. The cement copper is shoveled out onto wooden 
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grates, where the iron is washed off with a hose, and the utteOB- 
sumed iron is returned to the launders. 

Cement copper when clean and finely divided dissolves 
readily in ferric sulphate, with the formation of copper and 
ferrous sulphates. By so doing not only is the cement copper 
dissolved, but the ferric iron is reduced also. The plan was to 
hose off the loosely adherent copper from the scrap iron to the 
bottom of the tank and then flush it into one or more circular 
lead-lined tanks, called agitators. These tanks are 20 ft. 
in diameter and 6 ft. deep, provided with a stirring device, 
driven by a small motor; 125 gal. per minute of tank-house 
return solution can be circulated through each tank. 

This plan of redissolving the cement copper is carried out 
when the operating conditions of the plant require it. The 
principal objections to the continuous use of such a plant are 
that, by redissolving the cement copper in tank-house solution 
the total copper output of the plant is reduced, which at times 
does not give the greatest profit possible. 


TIN SMELTING 

In British practice with ore assaying G5*to 71 per cent., the 
charges are: Ore, 80 cwt.; culm, 10.4 cwt.; refinery dross, 2.4 
cwt. For ore above 71 per cent, increase the culm. This 



Flow sheet, tin smelting. 1 


will give from 4500 to 4800 of tin assaying about 99.5 per cent, 
of tin, and 2200 to 2500 lb. of rich slag, carrying 35 p e* cent, of 
tin. This slag is then smelted as follows: Rich slag, 30 cwt.; 
rough-metal dross, 12 cwt.; scrap iron, 2.75 cwt.; anthracite, 
6 cwt.; coal, 2.4 cwt. It may be noted in operations' wher^ tm 
1 From Louis, “Metallurgy of Tm,” p. 96. 
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on the furnace charge, that it will be carried into either too 
silicious or too basic a slag, as it forms silicates and stannates 
and stannites. 

Slag for Tin Smelting. — In order to produce a slag low in tin, 
H. H. Alexander recommends the following blast-furnace slag 
composition: Si02, 37.0 per cent.: FeO, 23.4; CaO, 23.0; AlaOg, 
12.0; MgO, 3.0 per cent. Considering A1 2 0 3 as an acid, this is 
practically a bisilicate. 


Tin Smelting by Electricity 

The electric furnace should be appropriate for the smelting 
of tin ores, since the reduction of tin oxide by carbon requires a 
very high temperature especially if impurities are to be elim- 
inated. The reduction by carbon produces partly carbon 
dioxide and partly carbon monoxide, and theoretically would 
require 665 kw.-hr. per ton of ore. The theoretical amount of 
energy per ton of ore smelted may be estimated as follows: 

Reduction 665 kw.-hr. 

Slag 130 

Heating tin . ‘ . .... 65 

Radiation 130 

Gases 150 

Total ... 1140 kw.-hr. 

Experiments on tin smelting, conducted by H. Harden in 
Cornwall, were described in the Mining Journal of London, in 
1014. The current was a three-phase, alternating, of 50 cycles, 
650 to 675 volts. A shaft furnace was used containing 3 
electrodes and the formation of a direct arc was avoided. The 
charge formed a cone around the reaction zone, in which the 
electrodes burned freely, surrounded by incandescent gases 
which served as resistance. The three factors, yield of tin, con- 
sumption of energy, and losses in slag, are closely interrelated. 
It is easy to obtain a slag containing only 0.25 per cent, of tin, 
but the process is not economical, as the consumption is 3000 
kw.-hr. per ton of metal. When the slag contains 17 to 19 per 
cent, of tin the consumption of energy is reduced to 1300 kw.-hr. 
per ton of metal, but this is not economical. On a recovery of 
about 96.75 per cent, of the tin in the ores, the consumption was 
2200 kw.-hr. per ton of metal. The consumption of electrodes 
was 12.7 kw. per ton of metal. Arsenides and sulphides of iron 
were introduced at regular intervals to avoid the formation of 
hard slag, obtaining a metal containing 98 per cent, of tin from 
very impure ores. This metal was afterward refined in shaft 
furnaces Containing iron tubes for the injection of air. Har- 
den's conclusions are that the electric process can be advan- 
tageously employed in places where the ores are good but not 
very # rich, 'and where waterfalls can be utilized for supplying 
the power heeded. 
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NICKEL-COBALT-COPPER SMELTING 

• 

In smelting nickel, copper and cobalt together under such 
conditions as to form a matte and a speiss, it is the general 
tendency of the copper to enter the matte in preference to the 
nickel, and for the nickel to enter it in preference to the cobalt. 
Some subjoined analyses from Schnabel illustrate this very 
well. The furnace charge (at Altenau) was a leady copper slag, 
smelted with iron and arsenical pyrites. 






Pb 

Aa 


8 

Speiss. . . 
Matte. . . 

26.77 

6.10 

19.85 

37.24 

15.82 

20.84 

12.14 

16.10 

12.15 


4.57 

19.25 



The speiss was roasted, then resmelted with heavy spar, 
arsenical pyrites, copper-refinery slags, and slag from lead- 
matting giving: 



Ni 

Co 



Pb 

m 


s 

Speiss. . . 

35.13 

10.70 

17.18 

8.41 

6.59 

18.65 


2.16 

Matte . . 

4.37 


37.45 

12.68 

22.81 

tr. 

tr. 

24.48 


Smalt is a highly siliceous potash glass colored blue with 
cobalt monoxide (from 1.95 to 18 per cent.). In the commercial 
manufacture cobalt ore is usually partially roasted, leaving 
enough arsenic to form speiss with the iron, nickel, copper ana 
part of the cobalt and melted with washed pulverized silica 
and potash. Allowing a small quantity of cobalt to enter the 
speiss insures the absence of nickel from the smalt. The glass 
after prolonged fusion and stirring is finally poured into water, 
stamped, jigged to free it from entrained speiss and sieved. 

Typical analyses according to Schnabel are: 



Coarse 

color 

Second 

grade pigment 

Coarae 
pale color 

SiO z . 

AlzOa 

70.86 

0.43 

0.24 

66.20 

0.64 

1.36 

72.12 

1.80 

1.40 

1.92 

1.95 

20.04 

tr 

• 0.078 
0.46 
tr 

FeO 

CaO. 

CoO 

6.49 

21.41 

6.75 

16.31 

K a O 

Ni .... 

Aa 2 0* ... 

tr 


CO a 

6.25 

,0.67 

H*0 

0.57 


100.00 

92.18 

SUES 
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MERCURY SMELTING 

I 

The treatment of quicksilver ores as practiced at the Oceanic 
Mine, Cambria, Calif., probably represents the best practice 
in the United States. This was described by C. A. Heberlein 
(February meeting, 1915, A.I.M.E.), the following being an 
abstract of his paper. Wet ores are first concentrated and 
then treated in the Scott furnace, but the dry ores are charged 
direct. The ore is crushed at the mine to about 1 H in. diameter 
and brought to the plant by bucket tramway. The wet ore 
goes to a 3^ ft. Huntington mill provided with a 16-mesh 
screen. The undersize goes direct to a Deikter table. 

The gangue is more friable than the mineral and little sliming 
takes place. The feed contains about 0.3 per cent. Hg, ana 
the concentrates about 5 per cent. Hg. The extraction is 
about 80 per cent, and concentration about 20:1. Costs are 
about 50 cts. per ton. Flotation has been tried on quicksilver 
ores but the process docs not appear to be a commercial one as 
fine grinding costs about as much as the ordinary furnace 
process; and the oil sticking to the concentrate would distil 
over with the mercury, making the “soot” more difficult to 
treat. 

The furnace is a 50-ton Scott furnace. The sealing appara- 
tus is said to be highly effective. (A cut of this is given in 
the Transactions of the A.I.M.E., to which reference is made.) 
Fuel consumption is said to be 15 cords of wood per month, 
treating 750 tons of ore and producing about 100 flasks of 
quicksilver. 

At the plant the condensers after the first one are no longer 
built of brick, but of redwood, connected by a cast-iron down- 
take with the furnace. The gases entering the condenser are 
hardly over 250°C. and as drawn off from it are about 170°C. 
These wooden condensers are square wooden boxes of tongue 
and groove construction. The gases are admitted at the top 
and drawn off at the bottom. All baffling, etc., is unnecessary. 
The tops of the wooden condensers are water cooled. About 
1000 gal. of water run out daily from the second (first red-wood) 
condenser, representing the condensed moisture from the ore. 
This is highly acid and carries quicksilver in solution. 

A 50-ton Scott furnace with all Accessories costs about $25,000 
on a pre-war price basis. Direct smelting costs about 47 cts 
per ton. 

No analyses of soot is given, but some taken from European 
practice are appended. 
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Analyses of Mercury Soot from Distillation Furnaces 1 


Mercury 

56.30 

6.42 

3.12 

Mercuric sulphide 

0.70 

2.20 

31.10 

Mercuric sulphate 

18.99 

13.07 

10.80 

Mercurous chloride 

2.20 

1.80 


Sulphuric acid 

1 10 

4.80 


Magnesia 


1.10 


Lime 

0.76 

1.20 


Ferric oxide and alumina.. . . 

tr. 

0.80 


Calcium sulphate ... 

1.04 

6.30 


Basic ferric sulphate . 

3.24 

0.40 


Soot and tar 

33.9 

29.40 

24.80 

Water 

4 60 

26.50 

10.30 

Ore residues 

11.41 

3.80 

2.20 

Magnesium sulphate . . 



7.50 

Sodium sulphate 



1.24 

Ammonium sulphate . 



0.54 

Ferrous sulphate 


i 

6.02 


The mercury is extracted from these residues by pressing, 
followed by retorting. 

1 Schnabel, "Handbook of Metallurgy,” Vol. II. The Macmillan Co. 


Cost of Scott Furnace 1 

The latest Scott furnace erected at the Mariscal mine in 
Texas, cost $19,536, without housing and without condenser 
system, or less than $400 per ton of daily capacity. 


Condensers at Oakes Plant 1 

At the plant of F. W. Oakes, Jr., Terlingua district, Texas, 
two Cyclone settlers are used in tandem between the furnace 
and the condensers. These are insulated with 4 in. of Diato- 
mite. The condensers are niade of 18-gage monel metal and 
have worked well on cinnabar ores, but they will fail if chlorides 
are present in the material sent to the furnace. 

1 Quirksilver InduHtry in 1929, Duschak and Maier, Trans. A. I M.E., 
February, 1930, meeting. 
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COPPER REFINING 


Elimination of Impurities in Reverberator? Refining of 
Copper 1 





S 

Pb 

Bi 

Sb 

Before 

After 

98.283 

0.062 

0.2576 

0.5382 

0.1100 

0.0045 

0.0101 

0.1853 

0.1527 

Before 


0.036 

0.086 

0.029 

0.017 

0.032 

After 

99.399 

0.004 

0.0009 

0.006 

0.007 

0.007 

Before 


0.013 

0.088 

0.007 

0.001 

0.129 

After 

99.475 

0.004 

0.006 j 

0.004 

0.003 j 

0.017 





Se 

Ni 

Ag 

ounceB 

Au 

ounces 

Before 

0.1709 

0.0054 

Trace 

0.0473 

59.91 


After 

0.1502 


Trace 

0.0539 

61.7 

0.27 

Before 

After 

0.054 

0.010 

0.014 

0.003 


0.008 

0.009 

68.17 


After 

After 

0.067 

0.045 

0.006 

0.003 


0.009 

0.013 

39.893 

0.251 


1 Private notes. 


Elimination of Impurities in Cupola (Black Copper 
Smelting) 





El 

m 


Te & Se 

Refining furnace slag. . . 

Cupola slag 

Black ropper 

Per cent, elimination. . . 


0 594 

0 26 

0 78 
4.4 

■SWiM 

■IMIKM 


0.049 

0.0033 

0.052 

6.0 

0.0026 

0.0 

0.0095 

0.0 


In refining blister copper to anodes Keller gives the fol- 
lowing table of relative slaggability of the various metals: 

Cu i Pb Bi Sb Aa Te, So 

1 52.1 1.07 5.90 5.07 0.84 

This omits volatilization losses, which would be higher for the 
last four elements than for the first two (“Mineral Industry." 
1901, p. 248). 
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In the converter, Keller figures that the percentage elimina- 
tions of impurities are as follows: 

S Fft Zn Co Ni Pb Bi Sb As Te 
Per cent. 99 99 99 99 37 96 97 71 81 40 47 

These may serve as the slaggability ratios in the old acid-lined 
converters. 

Reduction of Cu 2 0 by CO. — Less then 0.1 mm. of CO in an 
atmosphere of otherwise pure CO 2 will reduce solid Cu 2 0 below 
1064 °C. This is important in the bright annealing of copper. 



1 W. T. Btjrnb, Trans. A I.M E , August, 1913. 

* R. S. McCaffery, in the “Wisconsin Engineer.’ 
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Converter and Furnace -refined Copper Anodes 1 

Comparison of Converter and Refined Anodes Cast in 
the Same Moulds 


Number of days covered by test 

Number of refining tanks employed 

Average analyses of anodes: 

Per cent. Cu 

Per cent. As + Sb .... 

Ounces Ag per ton 

Ounces Au per ton 

Average analyses of electrolyte: 

Specific gravity 

Grams per liter Cu . 

Grams per liter free acid. . . ... 

Grams per liter As 

Grams per liter Sb .... 

Grams per liter Fe 

Grams per liter Cl 

Average temperature of electrolyte- 

Inlet of 8-tank cascade, C ° 

Outlet of 8-tank cascade, C.°. 

Rate of circulation of electrolyte, gal per mm . 
Number of anodes per tank 
Number of cathodes per tank 
Average weight per new anode, lb. . . 

Average thickness per new anode, in 
Distance, center of anode to center of cathode, in 
Activo cathode surface per tank, sq. ft ... 

Average amperes per tank 

Average volts for 48 tanks 

Average volts per tank 

Average kilowatts for 48 tanks 

Total copper deposited, lb 

Average age of cathodes drawn. . . 

Average ampere efficiency of deposit, per cent 
Average amperes per sq. ft. cathode surface . . 
Average lb. copper deposited per kilowatt-hbur 
Average ox. per ton silver in cathodes 
Average per cent. As + Sb in cathodes . . . 

Average per cent, anode scrap 

Analyses of silver slime: 

Per cent. Cu 

Ounces Ag per ton. . 

Ounces Au per ton. . . 


Converter 

anodes 

Refined 

anodes 

50.0 

50 0 

48.0 

48.0 

98.91 

99 27 

0,072 

0.071 

59.09 

61.14 

0.200 

0.219 

1.20 

1.20 

43 5 

43 5 

160.0 

160.0 

11.97 

11 97 

0.49 

0 49 

10 09 

10.09 

0.045 

0.045 

58.0 

58 0 

54 0 

54.0 

6.0 

6 0 

20 0 

20 0 

20 0 

20.0 

525.0 

632 0 

3.0 

3 0 

2.87 

2.87 

252.0 

252 0 

8,387.0 

8,387 0 

27.21 

28 53 

0 567 

0 594 

228 2 

239 3 

1,103,749 

1,148,749 

2 Vi 

2 Vi 

88.3 

91 9 

33 3 

33 3 

4 03 

4.00 

1 25 

0 95 

0 0043 

0 0043 

8.00 

5 30 

40 3 

18.80 

6,755 00 

14,079 0 

18 34 

38.45 


The chief disadvantages of converter anodes are: lower 
grade slimes; higher losses of silver in the cathodes; and higher 
percentage of anode scrap. However, W. T. Burns states 
that the losses due to these factors arc not equal to half the 
cost of reverberatory refining. 

Starting-sheet Tank Electrolyte 


Specific gravity . 1.175 

Free H 2 SO 4 , grams per liter 120 0 

Cu, grams per liter 40 0 

As, grams per liter 5 0 

Slv grams pel 1 ' liter 0.4 

t Fc* grams per liter 4.5 

Cl, grams per liter 0.04 

1 Trane. A.I.M-E., August, 1913. 



GENERAL METALLURGY 


759 


Elimination of Impurities in Electrolytic Refining 

According to Keller’s figures about 99.92 per cent, of 
the copper in the anode goes into solution, the remainder to 
the slime; from 61 to 78 per cent, of the bismuth goes into the 
slimes, 30 to 60 per cent, of the antimony (according to condi- 
tions worked under), 23 to 38 per cent, of the arsenic; while 
the silver, gold, selenium, tellurium and lead are quantitatively 
slimed (“ Mineral Industry,” 1898, Vol. VII, p. 239). Nickel 
is slimed if it is present as oxide in the anode copper; dissolved 
if present as metal. Cobalt, zinc, manganese and iron go into 
solution. 


Work in Insoluble-anode Tanks 1 

Removal of Copper, Arsenic and Antimony from Elec- 

, TROLYTE IN INSOLUBLE- ANODE TANKS 


(Circulation, 4 liters per minute. Lead anodes, copper cathodes, 0000 
amp., 31.8 amp. per Bquare foot) 



Grains per liter 

Volts 

per 

tank 

Tem- 

pera- 

ture, 

C.° 

Acid 

Cu 

Fe 

As 

# Sb 

Inlet tank No. 1. 

144 

37 . ono 

6.242 

3.200 

0.403 


17 

Outlet tank No. 1 

184 

7.370 

6.813! 

2.240 

0.260 

2.22 

42 

Outlet tank No. 2. 

194 

0.504 

7.364 

0.400 

! 0.061 

2.25 

57 

Outlet tank No 3. 

208 

0.088 

7.701 

0.056 

0.038 

2.25 

64 

Outlet tank No. 4 

216 

0.048 

7.915 

0 028 

0.028 

2.25 

05 


Corrected Analyses 1 




Grams per liter 


Percentage 
elimination 
of original 
amountB 

Ampere 

effi- 

ciency, 

per 

cent. 


Acid 

, 

Cu 

Fc 

As 

Sb 

Cu 

i 

As 

Sb 

Inlet tank No. 1 . 

144 

37.0G0 

6.242 

3.200 

0.4630 




71.70 

Outlet tank No. 1 

169 

6.760 

6.242 

2.050 

0.2380 

8i.s 

35.9 

48.7 

Outlet tank No. 2 

165 

0.427 

6 . 242 

0.339 

0.0517 

17.1 

53.5 

40.2 

19.50 

Outlet tank No. 3 

169 

0.071 

6.242 

0.045 

0.0308 

0.9 

9.2 

4.7 

1 68 

Outlet tank No. 4 

170 

0.038 

6.242 

0.022 

i 

0.0220 

0.1 

°.7| 

1.7 

0.15 

Total and average 




1 


99.9 

99.3 

95. 3| 

23.20 


1 Calculated to the same value for iron, which is not affected in the insolu- 
ble-anode tanks. % 


See p. 761 for some notes on lead, duriron and tantiron as 
insoluble anodes. J 

1 W. T. Burns, Trans. A. I M E. % August, 1915. 
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1 First four columns from Willis T. Burns’ "The Great Falla Electrolytic Refinery,” Trans. Aug., 1013. 

* Eastern practice. * Near slimes furnace 4 Distant from slimes furnace. 










GENERAL METALLURGY 


761 


Slime from Insoluble -anode Tanks 

(Treating electrolyte direct from tank room) 


Moisture, per cent.' 10 0 

Cu, per cent 55 1 

Si0 2 , per cent. ... 11 

FeO, per cent 0 4 

A1 2 0 3 , per cent. ... 04 

CaO, per cent 0 3 

S, per cent 4 1 


As, per cent 10.3 

Sb, per cent 2.5 

Ni, per cent .... 3.05 

Zn, per cent. ... 0.32 

Ag, oz. per ton. . 3.4 

Au, oz. per ton. . 0.02 


Better results are secured from the insoluble-anode tanks at 
Great Falls, when the electrolyte from the tank room is boiled 
until it reaches a specific gravity of 48°Be. It is then crystal- 
lized for 4 days, when the mother liquor then analyzes: acid, 
475; Cu, 17.4; As, 20.2; Sb, 1.1; and Fe, 15.2 grams per liter. 
This is then electrolyzed to remove Cu, As and Sb. 


Analysis of Insoluble -anode Tank Slime 

(Treating mother liquor from crystallizing tanks) 


Moisture, per cent 

9.66 

As, per cent. . . . 

21.48 

Cu, per cent. 

46 30 

Sb, per ce,nt. 

2 28 

Si0 2 , per cent. . . . 

0.38 

Ni, per cent 

0 35 

FeO, per cent 

1 66 

Zn, per cent. . . 

0 32 

AI2O3, per cent. . . 

0 4 

Ag, oz. per ton . 

3 61 

CaO, per cent. . . . 

1 08 

Au, oz. per ton. . 

0.03 

S, per cent 

5 02 



Materials for Insoluble Anodes 

The usual materials for insoluble anodes are platinum, car- 
bon, iron and hard lead, according to the nature of the elec- 
trolyte. Fused magnetite anodes are also being used, notably 
at Chuquicamata, Chile, but they are extremely expensive 
and very brittle. However, when the anodes do not have to be 
handled often, i.c., are not subject to chance of breakage by 
carelessness, and can be guarded from sudden large changes of 
temperature, they arc unquestionably the finest anodes obtain- 
able. In ordinary copper tank-room practice hard-lead anodes 
are usually used in the insoluble-anode tanks. Herewith follow 
some notes, not hitherto published, furnished by F. R. Pynb, 
superintendent of the Raritan Copper Works at Perth 
Ambry N.J., giving parallel tests on hard lead, duriron, 
and tantiron electrodes, using them as anodes in various 
electrolytes. The current density was about 20 amp. per 
square foot. In a 12 per cent, sulphuric-acid solution the 
tantiron lost 0.94 per cent, in 24 hours, the duriron lost 7.30 
per cent, in 42 hours and the hard lead, 0.69 per cent, in 30 
hours. In regular tank-house electrolyte of approximately 3 
per cent, copper, 10 per cent, sulphuric acid, the tantiron lost 
1.88 per cent, in 48 hours, the duriron 10 per cent, in ii 0 hours, 
the hard lead, 0.44 per cent, in 36 hours, and on another test in 
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the same solution the hard lead showed a loss of 1.71 per cent, 
in 48 hours. Tests made by the ^ew England Manufacturing 
Co. in nitric acid electrolyte were as follows: The current 
used was 3 amp. per sq. in., 18 sq. in. of tantiron in 1.39 sp. 
gr. nitric acid lost 0.480 grams in 5 hours; 3 sq. in. of duriron 
lost 0.0036 grams in 6 hours in nitric acid of the same strength. 
Duriron anodes have also been used in the Chuquicamata 
electrolytic plant of the Chile Exploration Co. Regarding 
this, C. A. Rose says in the Engineering and Mining Jour- 
nal of Feb. 19, 1916: “ While this material is not entirely 
unacted upon when used as an anode in copper-sulphate solu- 
tion, from 15 to 20 times its weight of copper can be deposited 
before it is entirely corroded away. Duriron anodes have an 
advantage over magnetite in their mechanical strength, but 
they have a much higher over-voltage, which is a decided 
disadvantage. About 15 per cent, more electrical energy is 
required with duriron than with magnetite anodes for the 
deposition of the same quantity of copper.” 

As against a deposit of 8 to 8.5 lb. of copper per kilowatt-hour 
using the multiple process and 10.5 to 11.5 per kilowatt-hour 
when using the series process, ordinarily only about 1 lb. per 
kilowatt-hour is obtained with insoluble anodes. 

Compahisoist of Series and Multiple Refining 



| Multiple 

J Cast-series 

Ampere efficiency ... 

90 0 

68 0 ■ 

Volts per tank 

0 3 

18.0 

Anodes per tank ... . 

28 0 

120.0 

Cathodes per tank . . 

29.0 

120.0 

Amp. per square foot ... 

Daily deposit per tank 

18.0 

16.0 

204 0 

2040.0 

Lb. Cu per kilowatt-hour 

7.79 

11.79 


Resistance of Electrolytes, Copper Refining 1 


Strength 
solution, 
per cent 

CuSCL 

FcSO« 

h 2 so 4 

Ohms per 
cc. 

Ohms per 
cu. in. 

Ohms per 
cc. 

Ohms per 
cu. in. 

Ohms per 
cc. 

Ohms per 
cu. in. 

2 5 

92 

37 

. ! 

| 



5 0 

53 

21 



4.8 

1 9 

7 5 



65 

26 



10.0 

3i 

12 


2.5 

1.0 

15.0 . 

24 

10 

34 

14 

1.8 

0.7 

17 5 

22 

9 





20 0 



1 5 

0.0 

25.0 





1.4 

0.56 

30.0 

i 

_ ’ ’ J 

25 

10 

1 37 

0.55 


i J. W. Richards, “Metallurgical Calculations.” See also the tables on pp. 
182-192 
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The experience of New Cornelia Copper Co. using 3H per 
cent, antimonial-lead anode£ has been very satisfactory. In 
one year the anodes had not become appreciably oxidized . 1 

For large scale work°with insoluble anodes the choice lies 
between graphite (particularly for chlorides), hard lead, or 
some silicon alloy (tantiron, duriron, corrosiron, or more 
particularly, the Fink cuprosilicon anode). 

The cuprosilicon anode has replaced fused magnetite at 
Chuquicamata and consists of Si, 15 to 25 per cent., Mn, 2 to 
15 per cent.: Pb, 0.5 to 10 per cent.; a little Pb; a little Fe, and 
the remainder Cu (U. S. Pats. 1441567 and 1441568). It is 
noteworthy for its low overvoltage. Other silicides may also 
be used. 

Cobalt silicide is the most insoluble of these silicides. 

Duriron anodes precipitate gold out of solution. Nichrome 
anodes are preferable. 

Aluminous Ore Refining 

Bayer Process. — An extremely high grade bauxite is required, 
SiO s not over 3 per cent. The ore is mixed after grinding with 
strong soda liquor and heated for 8 hr. in an autoclave. The 
solution is diluted to 1.20 sp. gr. and the alumina precipitated 
in large tanks by agitation and the addition of a little aluminum 
hydrate. In a modification of this process the ore is ground and 
mixed with sodium carbonate and roasted at about 1000°C. 
and the sodium aluminate leached out. 

Berger Process. — China clay (kaolin) is broken into lumps 
of 6 to 7 lb. each and roasted with three times its weight of iron 
pyrites and some magnesium chloride at 400 to 500°C. passing 
a current of chlorine gas through the mixture. Aluminum 
chloride is said to distill t over leaving silica, magnesia and 
ferrous oxide behind. It is difficult to see how the formation 
of volatile ferric chloride can be prevented, though the process 
is said to have some use in Germany. 

Blanc Process. — The process treats ieucite rock of about 
23 per cent. AI2O3; 55 per cent. Si0 2 ; and 18 per cent. K 2 0. 
This is crushed to about 1 mm. size and treated with hydro- 
chloric acid, dissolving the potassium and aluminum. The 
former largely precipitates on cooling. After removal of the 
KC1, the aluminum chloride is precipitated by passing HC1 gas 
into the solution. The aluminum chloride is then heated to 
350°C. in iron tanks, regenerating hydrochloric acid and giving 
alumina. 

Haglund Process. — Aluminous ore is mixed with anthracite 
and pyrites. On fusing in a smothered arc or resistance fur- 
nace, the iron, silicon, and titanium are reduced and tapped off. 
The main reaction is : 

A1 2 0 3 + 30 + 3FeS — A1 2 0 3 -f- ^CO 3Fe. 

1 Tobelmann and Potter, " Leaching by New Cornelia Copper Co,” 
Bull. A.I M.E., May, 1919, p. 479. 



764 METALLURGISTS AND CHEMISTS’ HANDBOOK 


The fused aluminum sulphide acts as a solvent to hold the 
alumina in solution at 1100°C? The slag is then cooled, 
crushed and leached with hot water and steam. The material 
is then classified and concentrated, to obtain AI 2 O 3 and Al(OH) 3 
the concentrate finally being calcined, after washing with 
dilute H 2 SO 4 to remove Ti 02 . 

Hall Process. — Bauxite is ground and intimately mixed with 
ground coal. The mixture is sintered at about 1000°C., cooled 
and a further quantity of coke introduced. The mixture is then 
smelted in a Soderbcrg furnace at about 2500°C. Ferro-silicon 
and fcrro-titanium sink to the bottom of the bath and are tapped 
off. The purified alumina is blown off by steam and air pressure 
from the top of the furnace into an iron chamber where it con- 
denses in floeculent particles. After washing with dilute sul- 
phuric acid to remove titanium the material is filtered and dried. 
Bauxites of high silica content can be handled by this process. 

Pedersen Process. — This process uses high-iron bauxites, 
smelting out the iron and silicon in an electric furnace and leach- 
ing the rich aluminous slag with hot, dilute, sodium carbonate. 

Serpek Process. — Bauxite is mixed with crushed carbon and 
heated in an electric resistance furnace with air. 

ALO* + 3C + N = 2A1N + 3CO. 

The aluminum nitride is then digested in an autoclave under 
steam pressure : 

2A1N + 6H a O = 2NH.) + A1*0, + 3H 2 0 
or else the AIN is digested with soda solution, forming sodium 
aluminate which is then treated as in the Bayer process. 

Heat Treatment of Aluminum-silicon Alloys (“195” alloy, 
25 S, Special 17 S, 51 S, Lautal). — The heat-treatment effects in 
aluminum -silicon alloys may be considered as due to one or 
more of these structural changes: solution; precipitation; 
splieroidizing; grain growth. 

Solution . — Strength and hardness may be increased very 
materially, in some cases by well over 50 percent., by quenching 
from about 565°C. as compared with cooling slowly. This 
hardening is accompanied by decreased plasticity and usually 
by decreased elongation. From the known constitution of the 
system, it is to be expected that the magnitude of the solution 
effect will vary with the quenching temperature up to the melt- 
ing point of the eutectic (577°C.), increasing as the temperature 
is increased. 

Results analogous to those of a solution heat treatment can be 
produced by quenching castings shortly alter solidification. 

Precipitation . — Aging at room temperature has substantially 
no effect on the tensile properties or hardness of aluminum- 
silicon alloys, either as cast or after a solution heat treatment. 
Aging at? elevated temperatures (1 50 o -400 o C.) after a solution 
heat treatment at 570°C. may increase hardness bv about 15 to 
20 per cent. This « hardening seems to be accompanied by 
decreased 'plasticity and, usually, ductility. 
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Spheroidizing . — Spheroidizing and growth of the silicon 
particles are very marked on heating at about 565°C., but also 
occur at lower temperatures. They result in decreased hard- 
ness and strength and increased plasticity, usually with increased 
ductility. These effects increase with the temperature and 
time of heat treatment. 

Conclusions . — In general, treatment for a short time at 
temperatures around 565°C., followed by quenching, favors 
the predominance of the solution effect, while a long-time 
treatment favors the predominance of the spheroidizing effect. 
Thus the strength and hardness of castings may be increased 
by short heat treatments but reduced by long heat treatments. 
The plasticity of a cast alloy is apt to be decreased by a short 
treatment, due to the solution effect, but is increased as the 
time of treatment is prolonged, due to the spheroidizing effect. 
Elongation is a complex property depending on both strength 
and plasticity. It may be increased by a solution heat treat- 
ment which at the same times decreases plasticity. It may be 
further increased when the spheroidizing effect increases 
plasticity. 


Electrolytic Production of Various Metals 

Aluminum — from fused cryolite bath containing A1 2 0 3 in 
solution (cryolite 36 per cent.; A1F 3 44; CaF 2 20). The specific 
gravity of a saturated solution of A1 2 Oj in cryolite is 2.35, that of 
molten aluminum is 2.54. The bath must be fluid at 900° to 
950°C. Cryolite melts at 1000°C., but with 10 per cent. A1 2 0 3 
present it is 930°C., and with 20 per cent. 8S0°O.; 25 per cent, 
saturates the solution. The current density is about 700 amp. 
per square foot of cathode section, potential (theoretical, 2.8 
volts) 7. 5-8. 5 volts. Anodes are carbon blocks, cathode the 
carbon lining of the furnace. Powder consumption 1400 e.h.p. 
per metric ton of metal per 24 hours. Also prepared by electro- 
lyzing a double sulphide of aluminum and sodium. Potential 
about 5 volts. The alumina for electrolysis should carry a 
minimum of 98 per cent. AI2O3. 

Some Typicae Bauxities 1 


AI2O3...- 
Fe 2 (>3. . • 

Si0 2 

Ti0 2 ... 
CaO .... 
MgO. . 
KNaO.. 
Volatile.. 


New South 
Wales 

Italian 

French 

French 

German 

42 20 

47.44H57.00 

78.10 

43.20 

55.61 

28.91 

25.98-36.77 

1.02 

7.25 

7.17 

0.16 

2.33- 4.06 

5.78 

34.40 

4.42 

4.75 

0.28 

0.37 

0.17 

23.45 

1.17- 2. 

15.10 • 

|15.15 

32.33 


1 Schnabel, “Handbook of Metallurgy ” The Macmillan Co. 
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Refining Aluminum. — Aluminum can be refined in a fused 
salt bath using an anode of fused impure aluminum. The 
electrolyte is aluminum fluoride containing enough barium 
fluoride so that the specific gravity of the bath is less than the 
impure aluminum anode and greater than that of c.p. aluminum. 
The cathodes are graphite and after action begins the refined 
aluminum rises and floats on the bath. 

Antimony. — May be recovered by electrolysis from the sulph- 
antimonite. The anodes are lead plates, the cathodes and 
tanks are iron. Current density is 10 to 15 amp. per square 
foot at start, later 4 to 5 amp. per square foot. The voltage 
is about 2. The metal is always contaminated with iron when 

S roduced in this way. Betts also proposes electrolysis of the 
uoride in solution carrying an excess of hydrofluoric acid. 
Beryllium. — From the fused double fluoride of sodium and 
beryllium. 

Bismuth. — Is refined electrolytically in BiCl 3 solution carry- 
ing an excess of free hydrochloric acid. Current density, 
15-30 amp. per square foot. Anodes, argentiferous and auri- 
ferous bismuth; cathodes, pure bismuth; porcelain tanks. 

Cadmium. — Obtained by the electrolysis of CdCL or CdS (>4 
solutions. Current density, 6 to 15 amp. per square foot; 
c.m.f., 0.045 volts. Cathodes are cadmium sheets, anodes are 
of crude cadmium. 

Calcium. — From fused calcium chloride or iodide. Current 
density must exceed 500,000 amp. per square meter. Electro- 
lyte near cathode must be at lowest possible temperature. 
Cell resistance, 12 volts. 

Cerium. — From the fused chloride, which is traversed by an 
alternating current to keep it fused and decomposed by direct 
current. 

Chromium. — According to Borcjsers, may be produced by 
electrolysis of a CrCl 2 solution containing 13-14 oz. of chromium 
per gallon. The anodes are carbon, the cathodes platinum foil. 
The current density must be from 85 to 170 amp. per square 
foot. At 70 amp. per square foot the metal contains percep- 
tible amounts of CrO, and with 8 amp. per square foot, only 
CrO is deposited. The temperature must not exceed 122°F. 
G. Glaser has compiled the following table regarding the 
behavior of chromium during electrolysis : 


Current 
density, 
amp. per 
sq. ft. 



Deposit 


Chromo-chromic oxide 

At first metal, then chromo-chromic oxide 

Metal, mixed with chromo-chromic oxide 

Thin metallic layer, on which oxide afterward 

deposits 

Metal, wfch a small quantity of oxide. . 

Pure metal 

Pure metal, with a growth of crystals 
Pure metal, for the most part crystallized. 



Current 

efficiency 


5.4 

23.4 

38.4 
38.0 
38.6 
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The effect of solution concentration was also studied: 


Grams 
Cr per 
liter of 
solution 


Deposit 


Current 

efficiency 


210 

184 

158 

135 

105 

79 

53 


Metallic powder, mixed with chloride of chromium 

Same 

Pure metal 

Pure metal 

Pure metal 

At first metal, then chromo-chromic oxide. . . 

Chromo-chromic oxide and hydrogen 

Trace of chromo-chromic oxide, brisk evolution of 
hydrogen 


50.6 

49.0 

38.4 


Copper. — Refined by the electrolysis of copper-sulphate 
solutions carrying free sulphuric acid, using copper cathodes and 
anodes. Current density about 12 to 15 amp. per square foot, 
e.m.f. 0.34 to 0.44 volt. Temperature of solution about 
1 14°F. Ag, Au, Pb, Se,Te go quantitatively to the slime; Bi, As, 
and Sb, chiefly to the slime; Fe, Ni, Co into solution, except 
the nickel be present in the anode as NiO. . 

Gold. — From gold-chloride solution carrying 25-30 oz. of 
gold and 25-30 oz. free HC1 (sp. gr. 1.19) per cubic foot. The 
anode is the unrefined gold, the cathode is a pure sheet. If 
anodes carry lead, some H 2 S0 4 is added. Current density 
about 100 amp. per square foot, potential 1 volt, temperature 
60~70°C. Tanks — stone or porcelain. (Wohlwill process.) 
Pt stays in the electrolyte, Ag slimes as chloride. 

Iron. — May be obtained by electrolysis of the sulphate. 
Anodes are pig iron, the cathodes are pure metal. Current 
density about 110 amp. per square meter, electrolyte contains 
10 per cent. FeS04-7H 2 0 hnd 5 per cent. (NHO 2 SO 4 . Tem- 
perature carried at about 30°C. Voltage drop across tank 
about 0.3 to 0.9 volts. This, however, gives a metal carrying a 
trace of sulphur. While a chloride electrolyte is free from this 
objection, iron produced with such an electrolyte corrodes 
readily because of occluded chlorine. In either case there is a 
large amount of occluded hydrpgen. (See also pp. 366 and 776.) 

Lead. — Can be produced by electrolysis in a solution of lead 
fluosilicate carrying free hydrofluosilicic acid and a little gelatin. 
Anodes, base bullion; cathodes, pure lead sheets. Temperature 
of solution, about 87°F. cathode density, 10-12 amp. per square 
foot.; potential, about 0.3 volts; tank, wooden. > 

Lithium — from fused mixtures of Li Cl with an alkalme-earth 
chloride. From a solution of lithium chloride in pyridine. 20- 
30 amp. per square centimeter, 14 volts. 9 

Magnesium. — From fused magnesium chloride, from fused 
K-Mg or Na-Mg chlorides. Current density, 1000 amp. per 
square meter; cfll voltage, 1 to 8; anode* carbon in porcelain 
envelope. Do not raise temperature of bath much aqove 
melting point of the magnesium. 
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Potassium. — From fused mixtures of KC1 witli an alkaline- 
earth chloride. General process same as sodium. 

Silver. — (Moebius and Thum processes) recovered by elec- 
trolysis of a nitrate solution carrying about 0.1 per cent, free 
HNO a , 5.0 per cent. Ag, and some copper. The cathode is 
either silver (Moebius process), or carbon (Thum process). 
The anode is the dore. The current density is 30-40 amp. per 
square foot; the e.ni.f. is 1.4-1. 5 volts; the tanks are usually 
porcelain. The Cu in the anodes dissolves; Pt and Au stay in 
the slime. 


Solubility of Silver Chloride 1 


Balt 

Strength of 
solution, 
per rent. 

Temperature, 
deg. C. 

Silver chloride 
dissolved per 
liter, grams 

Silver 
per liter, 
grams 

KC1 

24.95 

19.6 

0.914 

0 688 

NaCl 

25.96 

19.6 

1.270 

0.956 

NH 4 C1 

28 45 

30 

3.673 

2.764 

CaCl 2 

41 26 

30 

8.350 

6.283 

BaCh. ... 

27.32 

30 

0.741 

0.558 

MgCl,.. .. 

36 35 

30 

7.095 

5.339 

FeCl, 

30 70 

20 1 

2.395 

1.802 

FeCb . .. 

37 48 

21.4 

0.085 

0.064 

MnCI 2 . 

43 85 

30 

2.958 

2.226 

ZnCl 2 

53 34 

30 

0.215 

0.162 

CuCl 2 . ... 

44.48 

30 

0.833 

0.627 

PbCl 2 

0.99 

30 









1 Schnabel's “Handbook o! Metallurgy,” Vol. I. The Macmillan Co. 


The above table is by II. C. Hahn and W. M. Curtis. 
According to Vogel and Bernhart, the solubilities in grams of 
silver chloride per liter of solution are as follows: KC1, 0.472; 
NaCl, 0.950; NII 4 C1, 1.575; CaCl 2 , 0.930; BaCl 2 , 0.143; SrCl 2 , 
0.884; MgCl 2 , 1.710. They also state that it is insoluble in the 
chlorides of tin, mercury, copper, zinc, cadmium, nickel and 
cobalt. But some unpleasant experiences of my own convince 
me that it is highly soluble in a mixture of cuprous and cupric 
chlorides. 

Sodium. — From fused sodium hydroxide — Castner process 
— Iron anode, carbon cathode. From fused sodium nitrate — 
Darling’s process — Iron melting vessel serving as anode. 
Magnesia diaphragm, carbon cathode. Cell resistance 15 volts. 
From fused sodium chloride. Current density over 5000 amp. 
per square meter. 

Strontium. — From fused strontium chloride. General con- 
ditions like those of calcium production. 

Tin. — The electrolysis of tin commercially is confined to the 
detinning of old tin-\)late, chiefly by the caustic-soda process. 
Th<* cathodes are iron, the anodes are the tin scrap, packed in 
wooden baskets. Electrolyte contains about 9 per cent. NaO- 
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H, which is recausticized from time to time by Ca(OH) 2 . The 
tank potential is about 1.5 volts, the current density 8—12 amp. 
per square foot and the temperature 160°F. and up. Alkaline 
sulpho-stannates have also been proposed as electrolytes. 

The best electrolytic tin deposits are probably obtained from 
a bath of: 

Sulphuric acid, 8.0 per cent. ; cresolphenol sulphonic acid, 4.0 
per cent, (made by heating phenol and cresol with concen- 
trated sulphuric acid; and stannous tin, 3.0 per cent. Addition 
agent, 73—3 lb. of glue and 8—16 lb. cresylic acid per ton of tin. 
(H. H. Alexander, Trans. A. 1. M. E. y February, 1924, 
nmeting.) Current density, 8-10 amp. per sq. ft., temperature, 

Uranium. From fused uranium-sodium chloride; cell resist- 
ance, 8 to 10 volts. 

Zinc. The Brunner, Mond & Co. works at Winiiington is 
said to operate as follows: The electrolyte is ZnCl 2 with 0.08 
to 0.12 per cent, free HC1, the cathodes are rotating zinc plates, 
and the anodes are carbon. The current density is 10 amp. per 
square foot and the e.m.f. of the cell is 3.3 to 3.8 volts. The 
apparatus is complicated, as there must be piping for carrying 
off the chlorine generated, which is then used for making 
bleaching-powder. The solution tends to become basic after 
prolonged electrolysis and additional acid must be added. 

In the process as conducted by Keating at Bully Hill, Calif., 
lime is used to precipitate zinc hydroxide and calcium sulphate 
from the solution of the zinc sulphate. This precipitate is 
suspended in the zinc sulphate liquor of the electrolytic cell 
and as fast as sulphuric acid forms it is neutralized by the zinc 
hydrate. 

In the Mammoth Copper Co.’s experiments at Palo Alto, 
Calif., a sponge-lead cathode is used, the sulphuric acid formed 
by electrolysis forming lead sulphat e, which can be decomposed 
later by reversing the current. The material used is said to be 
the result of leaching the baghouse dusts with sulphuric acid. 

Anaconda Electrolytic Zinc Plant . 1 —This plant leaches 
zinc ores with sulphuric acid and electrolyzes the zinc sulphate. 
The ore is roasted in McDougall furnaces with a temperature 
of 600°C. on the lower hearths, and not over 550°C. on the 
upper, so that much of the zinc is converted to zinc sulphate. 
It has been found that the zinc solubility is greatly increased 
if the raw concentrates are moistened with sulphuric acid 
before roasting. High hearth- temperatures decompose the 
sulphates. 

Leaching is in two stages: ( 1 ) A neutral leach in which all of 
the calcine and half the acid is added; ( 2 ) an acid leach in which 
no calcine and the remaining acid is added. Sufficient iron 
must be present and oxidized by manganese dioxidfe in the 
neutral leach to precipitate all of the arsenic and antimony. 
The final neutralization of the acid is V means of crushed 
lime rock. 

1 Trans. A . I. M. E. t February meeting, 1921. ® 
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Copper and cadmium are thrgwn down by excess of sine 
dust. Cobalt may be thrown down with manganese by the 
addition of permanganate, or it may Ije precipitated direct by 
beta-naphthol and sodium nitrite, also by zinc dust from the 
neutral solution in the presence of ferric iron, copper and 
arsenic. These impurities must be eliminated almost com- 
pletely. 

The electrolytic cells are wood-lead lined 10 ft. 3 in. long X 
2 ft. 10 in. wide X 5 ft. deep. The cathodes are aluminum 2 
ft. X 3 ft. 6 in. X iHc in. thick. Three feet is submerged. 
Anode to cathode space is 1% in. The drop across the cell is 
3.8 volts and the current density is about 30 amp. per sq. ft. 

The electrolyte from the last cell in cascade carries about 2V£ 
per cent. Zn and 11 per cent. H 2 S0 4 . Six cells are in cascade. 
The cathodes are of aluminum, slightly roughened. The 
anodes are lead. Glue is added in the proportion of 1 to 1^ 
|Oz. per ton of metal produced. 

* Copper, if not over 10 mg. per liter, appears to have no injuri- 
j ous effect. If above that, holes are eaten through the cathodes. 

■ Antimony is injurious even if only 1 part per 1,000,000 of 
electro lyte* as is also arsenic. Cadmium injures the grade of 
the zinc if over 20 mg. per liter of solution. 

Tainton-Pring Process as Used at Kellogg, Idaho. (Sulli- 
van Mining Co.).— The process is characterized by high acid 
and high current density as compared with low current density 
and low acid which are standard at Great Falls and Traii. 
The zinc concentrates are roasted at comparatively high tem- 
perature giving rise to high percentage of zinc ferrate. A mag*- 
netic separator divides the zinc oxide from the ferrate. The 
latter, which is soluble with difficulty in sulphuric acid solu- 
tions, is treated with the high acid (280 grams per liter) spent 
electrolyte from the cells. As the reaction slows down the 
final neutralization is carried out with the oxide portion of the 
roasted blende. The pulp is then filtered in Burt filters and 
the solution agitated with zinc dust. This precipitates copper, 
cobalt, and cadmium, after which the solution is filtered in 
presses and passes on to the electrolytic cells. The current 
density is 100 to 120 amp. per sq. ft., voltage 3.5. Lead anodes 
and aluminum cathodes are used- An electric furnace melts 
the stripped cathode sheets. The cast slabs analyze 99.99 
per cent. Zn. 

A unique plant produces the electrolytic lead. The cell 
is of the diaphragm type, with graphite anodes, steel cathodes 
and usipg the chloride solution. The lead is deposited on the 
rotating steel cathodes as a spongy mass which is continuously 
removed. The chlorine leaving the anode compartment passes 
into a suspension of lime and the chloride solution produced is 
fed into The tank holding the lead-rich electrolyte which has 
passed over fresh roasted ore. Soluble sulphates are precipi- 
tated as calcium sulphate. 

Ajiodes'for Zinc Deposition. — According to U. C. Tainton 
C Proc . A. /. M. E. f February meeting, 1929), lead-silver alloys 
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containing about 1 per cent, of silver are superior to pure lead 
anodes in the electrolytic deposition of zinc. The zinc pro- 
duced is purer, the manganese dioxide is nearly free from lead, 
and a closer spacing of*anode and cathode is possible. With 
these lead-silver anodes an additional agent of colloidal silica 
and gum arabic is used in preference to glue, 2 lb. of each per 
ton of zinc. 

Electrolytic Zinc Refining 

During the days of the great spread between the prices of 
brass special and prime Western spelter it was possible to make 
a profit by buying the latter and rolling anodes from it, which 
were then refined just as is electrolytic copper. However, as 
the zinc bubble subsided, it is understood that, the profits of 
these companies did likewise, until they were forced to quit 
business. 

Loss of Zinc in Brass Melting. — In some experiments carried 
on by H. M. Thornton and Harold Hartley (Amer. Inst, of* 
Metals, September, 1910) it was found that in melting an 
87.5:10:2.5 red brass twice, that the loss was 3.56 per cent* 
of the zinc contents. Pouring temperature was about 1090°C. 


Treatment of Platinum Ores 1 

A scheme of separation suitable for an average platinum ore, 
like those produced in Russia or Colombia, will be found adapt- 
able, with appropriate modifications, to almost any type of 
concentrated platiniferous material. 

' In the usual practice, the ore is first digested with aqua regia, 
fresh acid being added from time to time as long as any appreci- 
able amount of metal dissolves. A mixture of four volumes of 
hydrochloric acid (sp. gr. 1.18), one volume of nitric acid (sp. 
gr. 1.42), and one volume of w^ater is satisfactory for the 
purpose. The resulting solution contains the bulk of the plati- 
num and palladium as well as the gold and most of the base 
metals present in the material. It will also contain iridium, 
rhodium, and small amounts of ruthenium which were present 
as minor constituents of the soluble alloys, but any osmium 
which dissolves escapes as the volatile tetroxide. Some or all 
of the silver will be in the solution because of the solubility of 
silver chloride in such a strongly acid medium. Osmiridium 
and other allovs containing iridium as a major constituent 
remain in the ‘insoluble residue, together with most of the 
ruthenium, much of the rhodium and much of the non-precious 
mineral content of the sample. Some platinum and presumably 
palladium are likely to be present in the insoluble portion. 

General Separations. Treatment of the Aaua Regia Solution. 
The first operation is to precipitate the bulk of the platinum 
with ammonium chloride. To prepare the solution for this 
precipitation the nitric acid and most of the excess of hydro-/ 

1 Exeerots from a paper by Edward Wichekb, ftALEiau Gilchrist, and 
Wm H Swanobb, presented at the February, 1928, mating of the 
A. I. M. E. 
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chloric acid are removed by evaporation. A small amount of 
water is added to the hot sirupy residue to cause the decomposi- 
tion of nitrous compounds of platinum, after which hydrochloric 
acid is added and the evaporation repeated. It is well to con- 
tinue the evaporation each time until the temperature of the 
solution reaches 140° to 150°C., unless the residue becomes 
pasty, in which case local overheating is likely to occur. The 
evaporation at high temperature probably causes the reduction 
of part of the iridium to the trivalent state, in which form 
less of this element will be precipitated with the platinum salt. 

After the solution has been evaporated twice it is diluted so 
as to contain 50 to 100 grams of platinum per liter and set aside 
to permit silver chloride and other insoluble matter to settle. 
The solution is decanted or filtered from the insoluble residue, 
heated nearly to boiling and treated with ammonium chloride. 
Ammonium chloroplatinate separates at once. A small excess 
of ammonium chloride is desirable to reduce the solubility of the 
ammonium chloroplatinate, but a large excess should be avoided 
because it increases the contamination of the salt. The solu- 
tion is cooled quickly and filtered at once to avoid contaminating 
the precipitate with the very impure salt which separates on 
standing. The precipitate is well drained and washed once or 
twice with a 20 per cent, solution of ammonium chloride, after 
which it is dried and ignited to sponge. The filtrate contains 
varying amounts of platinum but usually less than 5 per cent, 
of the platinum in the sample. 

The next step depends on the nature and proportion of the 
other metals present. If there is a large amount of gold, it 
may be desirable to separate that metal by the addition of 
ferrous sulphate solut ion . The separation is rapid and complete, 
and the g,old thus obtained is fairly pure. If much palladium is 
present, it may be desirable to add more ammonium chloride 
and a volume of nitric acid amounting to 20 or 30 per cent, of 
the solution. Digestion on the steam bath causes the precipita- 
tion of ammonium chloropalladate, accompanied by much of 
the iridium and platinum in the solution. However, the 
presence of nitric acid interferes greatly with the removal of 
the remaining precious metals. Usually the most convenient 
procedure is to precipitate all of the metals remaining in the 
solution, after the first precipitation of platinum, by means of 
zinc or iron. As it is very difficult to precipitate iridium com- 
pletely in this way, the process must be continued for a long 
time, possibly for some days. Even then it is quite likely that 
some of the iridium will escape precipitation. 

The precipitated metals are washed by decantation and after 
a sufficiently large amount of such material is accumulated it is 
attacked with aqua regia diluted with four volumes of water. 
Gold and palladium are very rapidly dissolved and platinum 
reasonably so. Comparatively little iridium, rhodium, and 
ruthenium will dissolve. If platinum predominates in the 
solution, it is best precipitated first, by means of ammonium 
chlcA'ide, as described. If not already separated, gold is then 
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removed by precipitation with ferrous sulphate, after which 
palladium is precipitated as described. The various precipi- 
tates, platinum, gold, aijd palladium, will contain more or less 
iridium, rhodium and ruthenium. The remainder of these 
metals together with unprecipitated platinum and palladium 
are recovered by precipitation with zinc as before, after evapo- 
rating the solution to eliminate most of the nitric acid. 

Residue after Treatment of Aqua Regia Solution . — The residue 
of rhodium, iridium, and ruthenium may be worked up with 
the osmium-iridium material which remained undissolved in 
the original aqua regia treatment. However, if sufficient 
material is at hand to work the two lots separately it will be 
better to do so, because the former contains little or no osmium 
and a very minor amount of ruthenium and may therefore be 
handled somewhat more simply. If rhodium is predominant, 
the dried residue is intimately mixed with about two and one- 
half times its weight of sodium chloride and brought to dull 
red heat in a current of chlorine. This treatment converts a 
large part of the rhodium to the soluble rhodium chloride. 
Some of the iridium will also be converted to a double chloride, 
but this metal is less readily attacked than rhodium. 

Tf iridium is predominant the residue is better attacked by 
fusion, at 600° to 700°C., with three parts of sodium hydroxide 
and one part of sodium peroxide in a silver, nickel or iron dish. 
A portion of the iridium is dissolved, probably in the form of a 
basic iridate. By far the greater part of the iridium from such 
a fusion remains insoluble in water but does dissolve in hot 
concentrated hydrochloric acid to form iridium chloride. 
The ruthenium present will be found largely in the aqueous 
solution obtained by leaching the fused alkaline mass. If only 
small amounts of ruthenium are involved it will be less tedious 
not to attempt to separate it at this point, but merely to con- 
centrate it by precipitation together with iridium and any 
osmium by exactly neutralizing the alkaline solution with 
hydrochloric acid or sulphuric acid, adding a little alcohol and 
boiling. The small amount of metals remaining in the solution 
after this treatment may be recovered by reduction with zinc 
and hydrochloric acid. The treatment of this mixture . of 
iridium, ruthenium, and osnyurn is discussed in the section 
dealing with the osmiridium fraction. Rhodium is not rapidly 
attacked by alkaline fusions. For this reason it is often found 
advantageous to alternate the treatments, sodium chloride + 
chlorine and sodium hydroxide + sodium peroxide, until all 

the material has been rendered soluble. . 

When the material that consists largely of rhodium and 
iridium has been brought into solution as chlorides, the two 
metals may be separated by either of two procedures, depending 
on the relative proportion of the two. Unless there is much 
more rhodium than iridium, a convenient way of effecting the 
first separation is to precipitate iridium a» ammonium chlori- 
ridate. Before adding ammonium chloride the solution shop Id 
be treated with a current of chlorine to oxidize any trivalent 
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iridium to the quadrivalent state. The solution should be 
concentrated so as to contain not less than 50 grams of the two 
metals in 1 liter. Enough ammonium chloride is added to 
react with the iridium present. A large excess should be 
avoided because of its interference with the subsequent con- 
centration of rhodium. The ammonium chloriridate is sepa- 
rated by filtration, drained, and washed moderately well with a 
solution of ammonium chloride. It is likely to contain con- 
siderable rhodium as impurity. Most of the iridium remaining 
in the solution with the rhodium is recovered by evaporating 
the solution to dryness. This serves also to eliminate any 
excess of acid, which would be troublesome in the subsequent 
concentration of rhodium: The residue is taken up in sufficient 
water to dissolve any readily soluble salts, such as ammonium 
chloride, sodium chloride, or the double chlorides of rhodium, 
and filtered from the small precipitate of impure ammonium 
chloriridate. The filtrate is diluted so as to contain not more 
than 40 to 50 grams of rhodium in 1 liter, heated nearly to 
boiling and treated with sodium nitrite. This reagent first 
neutralizes the acid present and reacts with ammonium chloride 
to form ammonium nitrite, which decomposes in the hot solu- 
tion. Rhodium and the other platinum metals, as well as 
certain base metals, am converted to soluble double nitrites, 
while other base metay notably iron and tin, arc precipitated 
as hydroxides. Heating is continued and more sodium nitrite 
added until the color of the solution becomes yellow or light 
brown. The precipitate is filtered off and treated for the 
recovery of the small amounts of platinum metals which it 
may contain. Ammonium chloride is added to the well cooled 
filtrate to precipitate ammonium rhodium nitrite. The 
ammonium chloride is added as a saturated solution in quantity 
sufficient to furnish the ammonium radical for (NH^Rh- 
(NO 2 ) 6. The granular, white or yellowish salt is separated 
by filtration, washed with water and dried, or dissolved in 
hydrochloric acid for further purification. It is not suitable 
for direct ignition to sponge. Residual metals are recovered 
from the filtrate by means of hydrogen sulphide. 

Treatment of the Fraction Insoluble in Aqua Regia . — The 
residue which remained undissolved in the original aqua regia 
treatment of the ore is converted into soluble form by fusion 
with sodium hydroxide and peroxide. As the grains of osmirid- 
ium are rather slowly attacked by the alkaline fusion, they are 
sometimes converted to a finely divided zinc alloy by melting 
with 5 to 10 parts of zinc at 600° to 800°C. for 2 to 3 hr. The 
molten mass is covered with fused zinc chloride to prevent 
rapid oxidation of the zinc and is occasionally stirred with a 
graph itg rod. Treatment of the cooled melt with hydrochloric 
acid dissolves the excess of zinc and leaves a finely divided 
residue of osmium, iridium, etc., in the form of zinc alloys. 
The powder is wasted and dried, but not ignited, and is then 
re^dy for the alkaline fusion. The aqueous extract from the 
fusion with sodium hydroxide and peroxide contains practically 
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all of the osmium and a large part of the ruthenium as well 
as minor amounts of iridiuiA. The water-insoluble residue is 
digested for several hours on the steam bath with hydrochloric 
acid and the resulting irfdium precipitated as ammonium chlori- 
ridate. The alkaline solution of osmium and ruthenium is 
transferred to a suitable distilling flask, described in the section 
on ruthenium. It is strongly acidified with nitric acid, then 
gradually heated to boiling, a current of air being used to carry 
the vapors of osmium tetroxide into the chain of receiving 
flasks. These flasks contain a 10 to 12 per cent, solution of 
sodium hyroxide. A little alcohol is added to all but the first 
one. 

When no more osmium tetroxide distils, as may be observed 
by putting a fresh solution in the first receiving flask, the 
contents of the several flasks arc combined and digested to 
insure the reduction of all osmium tetroxide to sodium osmate. 
More alcohol is added if needed. Practically all of the osmium 
may be separated from the ruthenium in this distillation. It 
has been observed, however, that it is not possible in this way 
to effect a complete separation of osmium from solutions to 
which alcohol has been added. 

After cooling the solution in the distilling flask, it is made 
strongly alkaline with sodium hydroxide. The solution is 
then saturated with chlorine, thereby coverting ruthenium to 
the tetroxide, which distils readily when the temperature is 
raised to 80° or 90°C. The current of chlorine is continued 
during the distillation but is greatly diluted with air. The 
receiving flasks in this case contain hydrochloric acid diluted 
with four volumes of water. A little alcohol is added to all 
of the receivers except the first one. When the quantity of 
ruthenium distilling over decreases, the solution is boiled gently 
and the distillation continued as long as oily drops of ruthenium 
tetroxide appear in the delivery tube. Without cooling the 
solution, more sodium hydroxide is added and saturated with 
chlorine, whereupon more ruthenium is distilled. When very 
little ruthenium tetroxide is obtained on repeated distillation, 
the remaining iridium, ruthenium, etc., arc precipitated by 
adding a little alcohol to the neutralized solution from the 
distilling flask and boiling. The contents of the receiving 
flasks are combined and digested to complete the reduction of 
ruthenium tetroxide, more alcohol being added if needed. The 
resulting solution is evaporated and set aside for further puri- 
fication, or ruthenium may be precipitated with ammonium 

chloride. . . ,. , , 

Electrolytic Calcium Arsenate 1 .— White arsenic is dissolved 
in 10 per cent, caustic soda in the proportion 198 AS2O3. 25 
NaOH. This solution is electrolyzed between iron electrodes. 
About 1 per cent, of the arsenic present is deposited at the 
cathode. Most of the oxygen evolved at the anode goes to 
oxidizing the arsenic. The solution is then filtered and a 
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suspension of calcium hydroxide added, enough lime being 
used to form a basic compound tftat does not bum the cotton 
plants, thus: 

2Na a As0 4 + 4Ca(OH) 2 = (Ca0)4As' 2 0 5 + 6NaOH + H 2 0. 

The calcium arsenate is then filtered off and the sodium hydrox- 
ide used to dissolve more arsenic. The tanks are “series”, 
30 amp. per sq. ft., the tanks are never completely emptied, 
as the residual arsenate prevents the precipitation of metallic 
arsenic on the cathode. Note. — The Dept, of Agriculture 
provides that commercial calcium arsenate must contain at 
least 40 per cent. As 2 C >5 of which less than 0.7 per cent, must 
be water soluble, and must bulk from 80 to 100 cu. in. per lb. 

Iron Refining — Cowper Cowles Process 

The electrolyte consists of ferrous chloride, cresol-sulphonic 
acid being used as an addition agent. Scrap iron is kept in 
the bath to insure its reduction and iron-oxide is suspended in 
it both to keep the bath neutralized and to polish the cathode 
deposit by friction. The unannealed deposit contains 394 
volumes of hydrogen per volume of iron, while if the cathode 
is heated to a dull glow this is reduced to 1%:1. The voltage 
is about 1.5 per cell, and the current density high, about 7 am. 
per sq. decimeter. (See also pp. 366 and 767.) 

Camotite Ore Treatment 

Colorado treatment of camotite ores was thus described by 
H. D. d’ Aguiar ( Chem . Met. Eng., Nov. 2, 1921). The ore 
is ground to 60 mesh and placed in a tank built of acid-proof 
brick, where it is treated with enough hydrochloric acid to 
dissolve the V, U, Fe, Ca, etc. The ore is stirred vigorously 
during solution. After solution is complete sulphuric acid is 
added in sufficient quantity to precipitate the barium and cal- 
cium. Uranium and vanadium are now in solution; radium in 
suspension. The solution is decanted and the insoluble residues 
washed with stirring several times. The first washes are 
added to the first decantatc; the last washes are used as first 
washes on succeeding lots of ore.' 

The strong solution and washes are filter pressed and brought 
to slight acidity with sodium carbonate, after which sodium 
nitrate is added and the tank heated by steam to boiling. 
Vanadium oxide with some iron and uranium is precipitated. 
After filtering off the vanadium precipitate the solution is 
made alkaline with sodium hydroxide, throwing dowm sodium 
uranate together with the rest of the vanadium and some iron. 

The filter press cake of sulphates is digested under pressure 
with sodium carbonate until the barium and radium sulphates 
are converted to carbonates and these carbonates are filter 
pressed, then dissolved in hydrochloric acid and filter-pressed 
to free from silica and again precipitated as sulphates and again 
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converted to carbonates and Jhen to chlorides. These chlorides 
are then ready for crystallization. For extended description 
of this process see Liddell’s “Handbook of Chemical Engineer- 
ing.” or “Handbook of Non-Ferrous Metallurgy.” 

Recovery of Radium from the Olary Ores 

Because of the general interest in the extraction of radium the 
following excerpts are given from S. Radcliff’s description 
of the recovery of radium from the Olary (Australia) ores at the 
Radium Hill Co.’s plant at Syndey, N. S. W. {Min. and Eng. 
Review, Oct. 5, 1914). 

The ore is dry crushed at the mine to pass a sieve of 20 holes 
to the linear inch, and is then concentrated magnetically; the 
concentrates, amounting to about 30 per cent, of the ore crushed, 
being forwarded to Sydney for treatment. 

The concentrates have the composition: CaO, 0.55 per cent.; 
PbO, 0.16; Fe 2 0 3 , 17.4; FeO, 16.9; MnO, tr. ; thorium, cerium, 
lanthanum and didymium oxides, 3.27; Cr 2 0 3 , 0.85, U 8 0 8 , 
1.6; V 2 O b , 0.86; Ti0 2 , 45.85 per cent.; SiC 2 , 12.70. 

As the concentrates are insoluble in acids, a fusion process is 
necessary to effect the initial decomposition. The concentrates 
are mixed with three times their weight of salt cake (acid sul- 
phate of soda) and fused in a reverberatory furnace of sufficient 
capacity to take 500 kilos of concentrates and 1500 of salt cake 
in a single charge. Three charges can be put through in 24 
hours. The fused product, crushed to 8 mesh, is fed, in small 
amounts at a time, into wooden vats filled with agitators. Cold 
water is fed continuously into the vats at the bottom and an 
overflow is provided near the top. By suitably adjusting the 
conditions, it is possible to separate out on the bottoms of the 
vats a considerable amount of comparatively coarse material 
which is almost free from* radium and uranium. The turbid 
liquid overflowing carries in suspension the radium, lead and 
barium as sulphates, together with a considerable amount of 
finely divided silica; while in solution we have the uranium 
rare earths, and part of the iron and acid earths contained in the 
ore. 

The coarse residues are removed from the vats daily, rewashed 
to free them from any un dissolved fused product and sent to the 
dump. 

The overflow from the dissolving vats is pumped to large 
lead-lined settling tanks and allowed to stand all night. The 
“slimes” settle completely in 12 hours, and the clear liquid is 
drawn off daily and treated for the recovery of the uranium. 
The slimes which amount, when dried, to approximately 10 
per cent, of the weight of the concentrates, are collected weekly 
and treated for the recovery of the radium as dcscriUbd below. 

The further steps in the treatment process may conveniently 
be described under two heads: • 

(a) The recovery of the uranium. * 

( b ) The recovery of the radium. * 
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Recovery of the Uranium 

r 

The clear solution containing the uranium and much of the 
iron and other bases in the concentrates, together with a large 
amount of sodium salts, is fed into series of vats containing a 
measured excess of a mixture of carbonate and bicarbonate of 
soda; and heated and agitated by means of steam jets. The 
iron, with most of the other bases present, is precipitated, while 
the uranium goes into solution together with some of the rare 
earths. The bulky iron precipitate is separated partly by 
settlement and partly by means of vacuum filters. It is 
difficult to handle and cannot be washed effectually; a portion 
of the uranium is therefore unavoidably discarded along with 
this precipitate. The uranium solution is made just acid with 
sulphuric acid, heated and the carbon dioxide expelled by a 
brisk current of air. The uranium is then precipitated by the 
addition of ammonia. The ammonium uranate is thickened 
somewhat in conical settling tanks and then further thickened to 
a pulp in a hydro-extractor. This pulp is dried and dehydrated 
in large muffles. The dehydrated product is broken up and 
washed repeatedly with hot water. This treatment removes 
the bulk of the sodium salts, and a product is obtained which on 
drying contains about 75 per cent, of U 8 0 8 . An analysis of 
this, together with that of the iron precipitate, is given below. 
Prior to analysis the iron hydroxide was twice dissolved and 
reprecipitated with ammonia to free it from the large amount 
of sodium salts present. The washed precipitate was dried, 
ignited and analyzed. 



Uranium product 

Iron precipitate 

Insoluble matter 

Titanium dioxide 

3 0 

8.11 

Perric oxide 

9 41 

74.05 

Uranoso-uranic oxide 

16 6 

2.7 

Rare earths 

1 57 

7.36 

Lead oxide 

Vanadic oxide 

0.51 

1 2 

Chromium oxide 

Sodium salts. 

' 8.21 ” “ 

5 81 




Recovery of the Radium 

The thickened insoluble residue or slime from the settling 
tank is mixed with half its dry weight of strong sulphuric acid 
and allowed to stand for several days. It is then washed, first 
by decantation and then on a vacuum filter, till the washings 
give only a very slight precipitate with barium chloride. The 
acid treatment and \tfhshing reduces the bulk of the slime con- 
siderably, removing large amounts of acid earths and iron salts. 
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The washed slime in quantities of about 200 kilos, dry weight, 
is then boiled in a large steel boiler under pressure with an 
excess of a 20 per cent* solution of sodium carbonate for two 
days, the solution being replaced once during the boiling. This 
treatment dissolves a large amount of silica, and converts much 
of the lead, radium, and barium sulphates to carbonates. The 
slime is then washed till the wash water gives no reaction for 
sulphates; this takes 2 days for each lot of 200 kilos. The 
washed slime is then fed into a warm dilute solution of hydro- 
chloric acid, agitated for a couple of hours, and allowed to settle 
all night. The clear solution is siphoned off and the lead, 
barium, and radium precipitated as sulphates. After washing 
once by decantation, the slime is again treated as above 
described. Two treatments suffice to extract most of the 
radium, but the slime is reserved for a further treatment, if 
necessary. The plant as at present arranged can treat the 
slime from 10 tons of concentrates per week. The weekly yield 
of crude sulphate is about 12 kilos. 

A number of experiments, both in the laboratory and on the 
working scale were made to see if the sulphates in the slime 
could be reduced by heating the material with carbonaceous 
substances, or else in a current of some reducing gas, but the 
results so far have not been encouraging. 

The treatment of the crude sulphate is now carried out as 
follows, not as in the paper read by the author before the Royal 
Society of New South Wales in 1913: The crude sulphate is 
dried and fused with three times its weight of caustic soda in an 
Iron pot. The melt is poured, cooled, and digested with hot 
water. Most of the lead goes into solution. The insoluble 
residue is washed till free from soluble sulphates, and then 
digested in a rotating boiler under a steam pressure of about 60 
lb. This converts the bulk of the sulphates of barium, radium 
and lead to carbonates. The carbonates are well washed on a 
filter and dissolved in hydrochloric acid. The solution is taken 
to dryness to remove any colloidal silica, and the residue is 
taken up with water and a little HC1. In addition to barium 
and radium chlorides, small amounts of iron and lead chlorides, 
together with considerable quantities of barium, lanthanum, 
didymium, and thorium chlorides are present. This solution is 
now saturated with hydrogen chloride gas; the barium and 
radium are precipitated quantitatively as chlorides, almost free 
from the other substances present. The chlorides are filtered 
off, dried, dissolved in water, and purified from the small 
amounts of second and third group elements in the ordinary 
way. They are finally precipitated as carbonates by means of 
pure Na 2 C0 8 , and the carbonates dissolved in HC1. The solu- 
tion is now ready for fractional crystallization for th^ recovery 
of the radium. 

The economic success of the process depends on the fact that 
it is possible to decompose the uranium minerals without bring- 
ing the whole ore complex into solution, and that comparaf^velv 
small amounts of reagents are required to effect this. The tail- 
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ings sent to the dump, amounting to about 50 per cent, of the 
material smelted, are almost free from radium and uranium, 
and appear to consist mainly of unaltered rutile. The radio- 
active slimes amount to about 1 ton from every 10 tons of 
concentrates, and are one-fifth of the weight of the tailings. As 
the alpha ray activity of the slimes is thirty times that of the 
tailings, it appears that the slimes carry over 80 per cent, of 
the radium originally present in the concentrates. That is, the 
initial fusion of the concentrates enables a great concentration 
of the radium to be made by mechanical means before contin- 
uing the chemical treatment. 

The rare earths in the concentrates distribute themselves in 
the course of the iron hydroxides carrying 7.36 per cent, rare 
earths, the uranium product containing 1.57 per cent, and the 
crude sulphates. The rare earths extracted from the iron 
hydroxide precipitate are only very feebly radioactive. The 
activity does not increase with time, and is due to the presence 
of 0.06 per cent, of thorium oxide, with its attendant ionium. 
The earths extracted from the uranium product are also only 
very feebly active. The rare earths carried down with the crude 
sulphate contain a considerable proportion of the thorium in the 
ore, and appear also to carry most of the actinium. This is to 
be expected, as it is well known that actinium can be extracted 
from a solution by precipitating barium sulphate in it. A tho- 
rium-ionium preparation worked up from the earths in the crude 
sulphate has an activity several hundred times as great as that 
of IJ 3 O 8 . 

The rare-earth mixture, containing about 3 per cent, of rare 
earths in addition to the constituents enumerated, is fused in an 
iron crucible with excess of sodium hydroxide containing some 
sodium carbonate, the melt extracted repeatedly with hot water, 
the insoluble residue digested with excess of sodium carbonate 
under a steam pressure of 90 lb., the'earbonate residue washed, 
treated with dilute hydrochloric acid, the solution evaporated to 
dryness, the residue treated with water, the silica filtered off, and 
the solution saturated with hydrochloric acid gas (to precipitate 
the Tadium and barium) and filtered. The filtrate, contain- 
ing the actiniferous rare earths, is evaporated to dryness and the 
residue further treated to separate actinium . Ionium appears to 
be chemically inseparable from thorium, so that by extracting 
and purifying the latter by any of the well-known methods an 
active ionium product is obtained. 


I)UST AND FUME CONDENSATION 

The problem of dust catching is one of reducing the speed of 
the gas sufficiently. James Douglas, in writing of the Copper 
Queen, says that all true dust would settle from a velocity of 2K 
ft. per second in a chamber 125 ft. long, which rate of settlement 
can be materially increased by wire screens placed across the 
direction of flow. Later it was understood that the rate adopted 
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was 5 ft. per second. Hence dust settlement reduces itself to a 
question of large chambers ahd of temperature reduction, which 
reduces volume and hence speed. The reduction of tempera- 
ture can best be achieved by thin-walled steel flues — often, 
as at Mammoth, by passing the gas through a great number of 
parallel steel pipes. These pipes may or may not be cooled by 
a water spray. Another method is to make the top of a brick 
flue out of a series of cast-iron pans which arc set step-fashion, 
so that each overflows into the next, the feed being just sufficient 
to equal the combined evaporation from all the pans. 

The use of baffles and tortuous windings in the flues has 
largely been given up, as it is usually conceded that these act 
more as stirrers than settlers. However, settlement is helped 
by plates hung so that they are parallel to the travel of the gas 
(Freudenberg plates), or by wires across the travel (Roesing's 
wires). 

A stack is of practically no value as a dust settler. It may be 
needed to give the necessary draft through the flues, or to dis- 
charge the gas so high that it will be diluted enough not to be 
unendurable by the time it reaches the ground, but that is 
about all. When a dust particle starts up a stack it usually 
emerges on top. The Wislicenus stack consists of a large 
number of radial openings near the top of the stack. The wind 
enters through these and quickly dilutes the effluent. 

The ferrous metallurgist uses the centrifugal gas washer (a 
test of a Thiessen washer is given in the succeeding pages) 
and at the Ducktown Sulphur Copper & Iron Co’s, works a 
■Feld scrubber took out 95 per cent, of the fume in the smelter 
gas. This was preparatory to running the gas through a coke 
bed heated to 1100 to 1300°C. by an electric current, which 
reduces the S0 2 to S. (W. F. Lamoreaux, Eng. and Min . 
Jour., Feb. 4, 1922.) 

For fume condensation "the most successful treatment seems 
to be the Cottrell system of electrostatic discharge, described 
at more length below, filtration through bags, or precipitation 
by thoroughly atomized water (Schutte-Koerting system). 
Scrubbers in which the gas is allowed to bubble through water 
amount to very little, although their efficiency can be raised, 
usually, by oils or acids in the water. Figures on baghouse 
work are given on p. 784. ‘While a baghouse should pay in 
lead smelting or on silver furnaces, it probably does it only 
indirectly in copper work — by keeping the smoke farmers quiet. 

Gas control must be by chemical means, except that SOa is 
very easily condensed by the Cottrell system. Sulphur 
dioxide and trioxide are controlled completely at the Ashio 
mines, Japan, by passing all the effluent gases through lime 
water. The Sprague system adds zinc oxide to the flue 
gases and filters out the zinc salts in the baghoifse. The 
Hall process aims to reduce the sulphur oxides to sulphur as 
formed in the furnaces using hydrocarbon yapors as the reducing 
agent. Young’s thiogen process aims at the reduction of the 
sulphur vapors in the flues by hydrocarbon gases. ® 
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Electrostatic Precipitation (Cottrell Process) 

This is best performed in tubes In which the tube forms one 
electrode and a wire placed concentrically with it forms the 
other. The discharge should not be one produced by an alter- 
nating current, but should be a silent discharge with the wire 
preferably the negative anode. The breakdown voltage with 
most smoke is about 32,000. The presence of fine points due to 
hardened deposits, kinks in the wire, rough spots, etc., tends to 
localize the discharges from the wire, ana even though there be 
many such points, the cleaning action of such discharges is 
much below that of a uniform field around a straight wire 
(A. F. Nesbit, 11 Trans. A.l.M.E Third Midwinter Conven- 
tion, Feb. 17 to 19, 1915). 

At the Hooker Electrochemical Co.'s Plant 30,000 cu. ft. of 
gas per minute is treated with a power consumption of 3 to 
5 kw. At the Garfield, Utah, smeltery 200,000 cu. ft. of gas per 
minute is treated with an expenditure of 50 kw. The electrode 
spacing is in. and the potential is 50,000 volts. At Tooele, 
Utah, 20,000 cu. ft. of gas per minute requires less than 5 kw. 
Each of the two units contains 48 pipes 12 in. in diameter by 15 
ft. long. 

The chief developments from 1916 to 1927 have been: 

In 1916-1917 Schmidt and Bradley demonstrated the value 
of gas conditioning or humidification, particularly in the precip- 
itation of n on-conductive materials, such as zinc oxide, etc. 

In 1918 Wolcott 1 showed conclusively that with non-con- 
ductive deposits on the collecting electrodes a disturbance 
was set up, resulting in a corona being formed on the particles 
making up the deposit, causing a lowering of the arcing voltage, 
thus necessitating reduction of the operating voltage and a 
consequent diminution or a complete elimination, frequently, of 
a corona discharge from the discharge electrodes. The elimin- 
ation of such corona discharge prevented further precipitation 
taking place. Conditioning of the deposit with conductive 
material or of the gases, by the addition of conducting materials 
or by temperature reduction, or both, overcame this difficulty. 

In 1923-1924, Schmidt and Anderson demonstrated an 
improved form of collecting electrode, known as the “graded 
resistance " electrode, by the use, of a special cement mixture 
applied in the form of a plate, with embedded conductors, 
placed in such relation to the discharge electrode, that a poorly 
conducting medium was placed in series with the sparlc gap 
between the discharge electrode and the embedded grounded 
conductor. This resulted in a greatly reduced size of precipi- 
tator, operating without serious arcing and uniformly precipitat- 
ing the dust’ contained in the gases. 
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Arthur J. Boynton recommends cooling all gas to be cleaned 
below the dew point, usually below 90*F. (Proc. 

February, 1928, New York meeting). Although this involves 
the loss of the sensible heat of the gas, he insists that the 
presence of the water vapor involves a loss greater than any 
possible gain through high temperature of the gas as used. 
He also advocates a separation of the coarser particles of dust 
by dry separation, as the coarse particles have a high metal- 
lurgical value, while much of the fine dust, recovered as sludge, 
should be thrown away. More thorough cleaning for gas to 
be used in gas engines is indicated than when the gas is to be 
used under boilers or in underfiring coke ovens. In German 
practice, a dry dust catcher for each furnace is common, with 
a central washing plant. This plant will cost, exclusive of dust- 
catchers and collecting and distributing mains, at least $12,500 
per 100 tons of pig iron per day. Operating costs will run from 
$0.00177 to $0.00283 per 1,000 cu. ft. of gas, corresponding 
approximately to $0,225 to $0.40 per ton of pig iron. 

The standard of cleanness in German practice permits a 
maximum content of dust of 0.04 grains per cu. ft. of gas. With 
a disintegrator the content usually runs from 0.002 to 0.009 
gram per cu. ft. With the Ilalberger-Beth bag filters the dust 
may be brought down to 0.02 gram per cu. ft. 

The disintegrator is a type of apparatus originally applied 
to the fine crushing of coal. It consists of a shell similar to a 
fan casing and provided with a rotating shaft on which is 
mounted a disk. The disk carries successive rows of bars 
which rotate rapidly between corresponding circular rows of 
bars fixed to the casing. The system is sprayed with water 
from points near the rotating shaft and the spray is thrown 
uniformly into the space occupied by the rotating and stationary 
bars through which the gas passes. 

The disintegrator should be preceded bv a cooling tower, 
which will use 20 to 24 gal. of water per 1,000 ft. of gas. The 
disintegrator itself will use 4 to 73^ gal. of water additional 
per 1,000 ft. of gas and from 6 to 12 kw., depending on how 
lightly the disintegrator is loaded, both water and power 
consumption going up as the load goes down. The dust content 
of the cleaned gas of course increases with the load, the low 
figures given above in the consumption being reached at the 
upper permissible limit of 0.004 gram of dust per cu. ft. of gas. 

Bag cleaning is also practiced in Germany, with automatic 
methods of bag cleaning. The system requires close control, 
as the limits of operation lie between 50 and 100°C. There 
is a drop in the ordinary bag system equal to about 4 in. 
of water, which means this much pressure must be carried at 
the furnace top, or else the system worked under a vacuum, 
with grave risk of air leakage and consequent explosion. 

Cottrell treatment is also practiced, the largest present 
plant (1928) being at Witkowitz in Czechoslovakia, treating 
35,000 M per minute, but the high humidification 'necessary 
gives considerable trouble. 9 
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With bag cleaning the cost appears to be about $0.00283 
per M ; one figure as low as $0.00 lfifo is given. The cost at Wit- 
kowitz is about $0.00146 per M. These figures would probably 
be increased by about 30 per cent, in the United States. 

A full review and complete bibliographj' of this process is 
given in the Eng. and Min. Joum. of Feb. 26, 1916. 

Thiogen Process 

The thiogen process was devised by S. W. Young of Stanford 
University, in an attempt to eliminate sulphur gases from smelt- 
ery smoke. The process contemplates passing a mixture of the 
sulphur-bearing gases and a hydrocarbon reducing agent of 
the ethylene series over a catalyst of calcium sulphide. The 
reactions are : 

OaS - h S0 2 = 2CaSOs 3S 
2CaS0 3 + C 2 H 4 = 4CaS + 2C0 2 + 2H 2 0. 

In practice, when a mixture of sulphur dioxide and hydro- 
carbon vapor pass together over a mixture of calcium sulphide 
and calcium sulphite, the reactions proceed simultaneously. 
The hydrocarbon gas is generated from fuel oil. The process 
has been tried at the Penn Smelting Works, Campo Seco, Cal., 
but the catalyst poisons easily and it does not appear that it is 
yet a commercial process. (See Eng. and Min . Joum ., Feb. 
15, 1913.) 

Hall Process 

An invention of E. J. Hall, by which sulphur-bearing gases 
were to be treated immediately after their formation with a 
reducing gas containing some hydrocarbons. Elemental sul- 
phur was to be set free, which was to be recovered in a cen- 
trifugal scrubber. The process was tried at the Balaklala 
smeltery in California, but is understood to have given trouble 
through the formation of allyl compounds that rendered the 
neighborhood extremely offensive, and through the fact that 
the washers did not do what was expected of them. (See 
Eng. and Min. Joum., July 5, 1913, for a fuller account of 
the theory of the process.) 

Bag-house Data 

Some data were given by Anton Eilers, before the Inter- 
national Congress of Applied Chemistry in 1912, concerning 
bag houses of the American Smelting & Refining Co. The 
Murray, Utah, plant treats furnace charges low in lead (10-12 
per cent.) and the precious metals. They are wet and carry up 
to 4 per cent, of sulphur. Its total cost was $127,195 including 
the costfof 4,032 cotton bags and the distributing flue, etc. 
The building was 2163^ X 90K It., and was 51}^ ft. to the roof 
trusses. Stacks carried the fumes out of the building and it 
was necessary to place a lead-lined pan at a sufficient distance 
under the stack not to interfere with the draft, to catch the con- 
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densed moisture dripping froiji the stack sides, which otherwise 
drops on and eats away the bags. The bags are 18 in. in diam- 
eter and 30 ft. long, shaken from outside. The average life 
of cotton bags costing $2,136 a piece, was 17 months, 11 days. 
Ihey were replaced by woolen bags from the Buell Mfg. do., 
at. Joseph, Mo., costing $4.7185 apiece, which it is estimated 
mst 4 years. Other bags were bought from the Laporte 
Woolen Mills, Laporte, Ind., at a cost of $4,784. There are 
570,012 sq. ft. of filtering surface for filtering 165,000 cu. ft. 
of gas per minute, but if one compartment was down, there were 
2 A sq. ft. of filtering surface per cubic foot per minute. If 
°v< er 24 in. of fume is allowed to accumulate in the cellars under 
the bags, spontaneous combustion begins. Therefore, when the 
cellar of any compartment contains 24 in. of dust, it is damp- 
ered off from the bags, hot coals thrown in on the dust, and the 
dust sintered by its own combustion. In this Murray bag 
house the following percentages of the metals charged in the 
furnaces were recovered: Lead, 1.269 per cent.; silver, 0.063 
per cent.; gold, 0.049 per cent.; and copper, 0.0118 per cent. 
The operating cost in 4££ years was $76,853; treatment charge 
on the material recovered was $69,290, while the value of the 
metals recovered was $152,691, showing an apparent gain of 
$6,547, but if proper interest and amortization charges be 
placed against it, there is a net loss of $58,746. These figures 
show that, taking the immediate financial outcome only, bag 
houses are not profitable in lead-smelting works, except where 
it is an object to stop smoke-suits. 

Omaha Plant 

This plant treats gases from converters treating leady copper 
mattes; from blast furnaces treating rich charges; and from 
zinc-oxide furnaces. ^ The fallowing facts arc given for the con- 
verter bag house. The secret of long life for the bags is said 
to be thorough cooling of the gases before admission, and a 
good vacuum over the bags, drawing off the exhaust gases 
rapidly. The converter bag house has 68,000 cu. ft. in the 
flue; 67,000 cu. ft. in the cellar; 174,000 cu. ft. in the bag chamber; 
has 940 bags, 18 in. X 28 ft., long, having 124,000 sq. ft. of 
filtering area; treats the gases from converting about 45 tons 
of blister, or about 5,200,000 cu. ft. of gas which usually passes 
in 15 hr. out of the 24. The gas temperature at the bag house 
is 152°F. This bag house showed a profit of $98,712 per year 
on a $42,000 cost. 

Some other miscellaneous bag-house data have been collected 
as follows: 

Unwashed- wool bags have been found to be the best for 
filtering purposes because they last much longer than ady other 
kind. Unwashed wool is wool which has not had the animal 
grease scoured out. » 

The method of neutralizing sulphurous gases at the United 
States lead smeltery at Bingham Junction is to pass the gases 
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through steel flues exposed to the atmosphere in order to get 
cooling effect; then to add powdfered lime to combine to form 
calcium sulphate. Zinc oxide is also very valuable for neutral- 
izing these gases, but it is expensive. However, since the works 
have zinc concentrates to treat, these will be mixed with crushed 
coal or coke, and roasted in furnaces near the flues. The zinc- 
oxide fumes resulting will be conducted into the main flues after 
the lime has been added, about 100 ft. further on, so that the 
lime shall have had time to act. A considerable velocity of 

? ;ases is required in order to keep the lime in suspension, 2200 
t. per minute, which was the velocity of the copper blast- 
furnace gases in the flues. 

The gases should travel at least 100 ft. after the neutralizing 
agents have been put in, in order to give them time to act. 

Apart from their greater resistance to sulphuric acid, sul- 
phuric anhydride, and selenium dioxide, wool bags are superior 
to cotton for filtering purposes because of the fine hairs lying 
on the surface, which arrest all the finest possible particles of 
the fume before they reach the actual pores of the filtering 
medium. 

The bags at the United States lead plant are 34 ft. 6 in. long 
X 18 in. in diameter. When tied in place they give a net 
filtering area 31 ft. X 18 in. diameter, equal to 141 sq. ft. of 
filtering surface per bag. One sq. ft. of bag filter cloth is 
allowed for 0.7 cu. ft. of gas at 0°C. These bags weigh 7 to 
8 lb. each and cost 45 cts. per linear yard. The freight on bags 
per pound is 2 Yi cts. and the hanging cost is estimated at 15 
cts. per bag. This makes the total cost per bag in place $5.50 
The mechanical shaking device installed in this bag house costs 
at the rate of $2 per bag. 

In the Mammoth bag-house experiments, 1 sq. ft. of filter 
cloth filtered 0.75 cu. ft. of gas at 0°C. under Kq- to J^-in. 
water pressure. There was no apparent deterioration of bags 
at 50° to 100°C. When temperature falls below 45° the bags 
become damp and permit the fume to escape. In dry weather, 
the temperature can be as low as 25°C. and the bags filter all 
right. The cotton bags used were of 50 mesh and the wool 
bags of 20 mesh. 

At the United States lead bag house the ideal temperature 
for lead blast-furnace gases is considered 70°F., and must not 
exceed 90°. The ideal temperature for roaster gases is 100° 
and must not exceed 120°F. 

At the United States lead bag house the blast-furnace bag 
dust is high in arsenic. This dust ignites of its own accord in 
the dust chamber basement and sinters to a sort of clinker 
which is treated in the arsenic plant. This clinker contains on 
an average 22 per cent, arsenic and 32 per cent. lead. This 
produeff goes to the Brunton furnace, 20 ft. diameter X 4 ft. 
nigh, encased in brick, fired with coke, and with the hearth 
revolving once in ^bout 9 min. The arsenic volatilizes and 

E asses off as AsaO*. The lead sinters and is worked off the 
e&rth into hoppers by rabbles. This averages 40 per cent, lead 



GENERAL METALLURGY 


787 


and 9 per cent, arsenic, Th« As 2 0 3 fume discharges into brick 
settling chambers 200 X 20 X 10 ft. high for the first 50 ft-., 
and 8 ft. high the rest of the length. At intervals of 8 ft. in 
this chamber are baffle walls to make the gases zigzag and 
deposit acid on the walls. The product from this chamber 
averages 97 to 99 per cent, arsenic and is further refined in a 
reverberatory furnace 25 ft. X 15 ft. X 6 ft., coke fired. This 
chamber is kept at 500° at 30 ft., 200° at 100 ft., and 120° at 
175 ft. from the furnace. If the end chamber gets too hot the 
acid goes off and is lost. This produce is crystalline and has to 
be ground for the market. It assays 99.87 per cent, pure and 
is much better than the foreign article. 

In installing any bag house the quantity of gases and the 
temperatures will be known. It is required to determine the 
amount of cooling surface necessary to reduce this temperature 
to one which would not injure the bags, and then to determine 
the number of bags required to filter this amount of gas. The 
length of the cooling pipes is more or less fixed by the contour of 
the ground, and the available sites for the bag house. The sizes 
of the pipes are determined by the quantity of the gas flowing. 

Experiments in radiation and conduction through No. 8 
steel plate show that the rate of heat transmission is equal to 
0.042 B.t.u. per minute per square foot of cooling surface per 
degree difference between temperature of gas and external air. 
The weight of this gas may be taken at 0.08 lb. per cubic feet 
at 0°C., and its specific heat at 0.2375. 

A typical bag-house fume is Pb, 52.5 per cent.; Zn, 3; S, 5.4; 
As, 14.2; Sb, 1.6. 


Chimneys 1 

The velocity of discharge of a gas from a chimney is as 
follows : * 

V = yj%gh (•, - l) 

where V — Velocity in feet per second. 

g — Acceleration due to gravity. 
h = Height of chimney in feet. 
t' -- Absolute temperature of external air. 
t" = Absolute temperature of the hot gas. 

Since the velocity varies as the square root of the height, high 
chimneys do not pay. Indefinite in crease in temperature of the 
exhaust gas is not an advantage, either, for although the velocity 
increases with increased temperature, the increase in volume 
offsets this. The maximum results are obtained at i_. 

over outside air. . . . • 

Draught power of a chimney in inches of water in: 

, » Z7.64 _ 7.95\ 

d ~ h \ f v / 

i W. R. Ingalls, “ Metallurgy of Zinc and Cadmium.” 
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EMERGENCY REPAIR KINKS 

By A. W. Bull 

• 

In the operation of chemical plants where emergency repairs 
must be made with the least possible loss of time, work is 
frequently considered impossible until hot solutions have been 
removed from the tank, floor or sump where the repair is to be 
made. If the breakdown is due to a pump failure or a pipe line 
stoppage the removal of hot solutions may be difficult. Emer- 
gency work under such circumstances can be done, however- 
without complete draining, by men wearing rubber boots filled 
with cold water. A pair of hip boots filled with cold water 
will enable the wearer to walk through or stand in nearly 
boiling water for at least ten minutes particularly if the toes are 
frequently wiggled to circulate the water inside the boot. 

It is sometimes necessary to do work inside hot tanks that 
have just recently been drained. In some cases the tanks 
cannot be cooled with water alone because of the excessive 
volume required. A method which will frequently suffice 
is to use a large atomizer made by bringing a water and air 
hose to the same in. tee and having a 6-in. piece of pipe 
as nozzle in the third tee opening. In this way a small amount 
of cold water combined with the air blast gives a remarkable 
cooling effect oil the air in a steaming hot tank and permits 
emergency repair work without waiting for the tank itself to cool. 

Precipitation of Silver from Cyanide Solution 1 

Precipitation from cyanide solution is by deposition of the 
dissolved metal upon zinc, either in the form of shavings or 
dust, or upon aluminum in the form of dust, or by electrolysis. 
Zinc dust is at present the most usual precipitant, although 
aluminum has some advantages, in* that it docs not form any 
cyanogen compound. Electrolysis has been a popular process, 
but at the present time is considered too expensive for general 
use. One ounce of silver requires about one ounce of zinc or 
one-tliird of an ounce of aluminum for its precipitation. 

SULPHUR-SAND CEMENT 2 

Sulphur-sand cement is composed of 1 part sulphur and 1.4 
parts quartz sand ground to pass at least a 60-mesh screen. 
The mixture is heated to about 150°C. when it flows nicely and 
is sufficiently above the melting point of sulphur, 114°C., to 
prevent sudden chilling. The fact that sulphur begins to 
thicken above 156°C. and becomes so viscid that it will not flow 
at 180°C. must be borne in mind or there will be difficulty in 
working* the cement. This is possibly the most satisfactory 
general cement available for low temperature work. It is 
readily handled an d # remarkably strong, has a tenacious bond 
is free from cracking and inert to most solutions. It will be 

1 ting, and Min. Journ ., Jan. 9, 1915. 

2 E. J. Hall, Eng. and Mm. Journ., July 17, 1915. 
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found valuable for large-scale work, as well as in the laboratory. 
It was developed by Oh arleS S. Bradley for use in his copper- 
leaching process. 


Sizes and Capacities of Bullion Moulds' 


Inside measure 

Capacity, 
gold, 
Troy 02 . 

Silver, 
Troy oa. 

Weight 
of mould, 
lb. 

Length, 

inches 

Width, 

inches 

Depth, 

inches 

1 

X 

X 

4 

2 

1 

ix 

1 

X 

10 

5 

1 



1 

25 

12 

1 

3X 

IX 

ix 

50 

25 

3 

00 

* 

2 

2 

95 

50 

6 

4 

2 

IX 

100 

56 

7 

4 Ji 

2X 

2 

136 

76 

9 

4X 

2x 

2X 

180 

100 

10 

5 


2J4 

244 

134 

10 

5H 

■m 

2X 

250 

140 

10 

5X 

2% 

2« 

295 

166 

11 

w 

3 

2X 

1 365 

200 

12 

m 

3 

2 « 

375 

208 

13 

e y 2 

3« 

3K 

550 

300 

15 

6 % 

3 H 

3H 

620 

340 

19 

7K 

3 y 2 

3K 

730 

400 

28 

8 

m 

33-2 

910 

500 

35 

9 


3^ 

1015 

600 

36 

9X 

4 

3« 

1285 

700 

40 

o y 2 

4 Vi 

3>£ 

1448 

800 

41 

10 

4 

4- 

1470 

810 j 

42 

10 yi 

4 

4 

1650 

900 

55 

n 


4 

1S30 

1000 

65 

n 

4 >2 

4>£ 

2200 

1200 

72 

ii H 

5 

5 

2750 

1500 

76 


1 Ab made by Fraser & Chalmerh. 


Briquetting 

For the purpose of agglomerating flue dusts and fine ores 
there are a number of binders and methods. Among the binders 
may be mentioned cement, concentrator shine, milk of lime, 
molasses refuse (which usually leads to a convention of flies 
assembling from all the neighboring states), ferric- or ferrous- 
sulphate solutions, magnesium- or calcium-chloride ^solution 
(the use of 5 to 10 per cent, of magnesium- or calcium-chloride 
solution, equivalent to 0.25 to 2 per cent^of MgCl 2 or CaCl 2 , 
followed by compression, constitutes the patented Schumacher 
process), and various asphaltic and tarry residues. # 
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Of the various methods used with these binders may be 
mentioned hand-moulding, brick-]Sress moulding (square form), 
round briquettes (Chisholm-Bo yd- White machine), briquettes 
cut from continuous stream (Chamber's brick machine), the 
use of bags, and agglomeration in Huntington-Heberlein 

E ots or Dwight-Lloyd roasters for lead ores, and on Dwight- 
loyd machines or in cement kilns for flotation concentrates. 
For metallic chips the Ronay process is probably best. 

This method is one for briquetting metallic chips without a 
binder. The divided metal particles are subjected in a mould 
to pressures of about 30,000 lb. per square inch. The briquette 
is allowed to remain under pressure a sufficient time to expel all 
the air and moisture, having been previously freed from dust 
and dirt. 

A general r<$sum6 of the subject of briquetting for iron-blast 
furnace work is abstracted by the Journal of the Society of 
Chemical Industry , Oct. 30, 1915, from Le Genie Civil, 1913, p. 
306, and Revue de Metallurgies 1915, p. 138. To be serviceable 
in a blast furnace, briquettes should satisfy the following tests: 
(1) fall from a height of 3 to 4 m. on to a metal plate without 
being reduced to powder, and withstand a pressure of about 
140 kg. per square centimeter; (2) withstand a temperature of 
900°C. without being reduced to powder; (3) stand in water for 
some time without softening; (4) withstand steam at 150°C. 
without being reduced to powder; (5) be sufficiently porous to 
absorb 12 5 to 16 per cent, by volume of water on being 
immersed for 25 minutes. The briquettes should be free from 
sulphur, arsenic, and other objectionable materials, and the 
cost of briquetting must not be greater than the difference in 
value of the ore in lump and as smalls. 

Methods of Briquetting. — (1) (Ye^don). 5 to 10 per cent, 
of slaked lime is added and the mixture made into a paste with 
water. Briquettes are formed under a pressure of 400 kilos 
per square centimeter and arc placed in the open air to dry 
and harden. This requires at least 2 months. To avoid this 
delay steam under pressure is sometimes used, or about 10 per 
cent, of sawdust is added to the mixture and the briquettes are 
heated to 1200°-1400°C., when the wood carbonizes and the 
particles of ore frit together. (2) A mixture of equal parts of 
lime and sand is used as the agglomerant. (3) (Schumacher). 
Fresh blast-furnace dust is briquetted with magnesium chloride 
as binder. (4) Basic blast-furnace slag is used as the agglom- 
erant for dust, hardening being effected by high-pressure steam. 
If the dust is deficient in lime, 4-4.5 per cent, of this material 
is added. ,(5) An intimate mixture of ore, limestone, and 
moistened cement is briquetted under a pressure of 400 kilos 
per square centimeter. The briquettes are serviceable after 
standing in the open air for 3 or 4 days. (6) (Weiss). Bri- 
quettes containing 5-6 per cent, of slaked lime are compressed 
at 300 kilos per square centimeter and subjected to the action 
of carbon dioxide under a pressure of 20 kilos per square centi- 
meffer, first in the cold and then hot. The treatment requires 
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about 6 hours, after which tfye briquettes are serviceable. (7) 
(Ronay). Blast-furnace dust or roasted pyrites is compressed 
hydraulically into briquettes, without the addition of binders, 
under a pressure of about 1000 kilos per square centimeter. 
(8) (Grondal). Impure ores are ground and concentrated 
in magnetic separators. The ore-mud is formed under small 
compression into briquettes, which are then passed on wagons 
of special construction through gas-fired tunnel furnaces. The 
highest temperature reached is 1300°-1400°C., which causes 
the particles to frit together and drives off sulphur. The bri- 
quettes are of high quality. (9) Duryea process of briquetting 
metal chips. The chips are dried at a high enough temperature 
to expel moisture and burn off oil; free iron is removed magneti- 
cally; the material is briquetted at pressures up to 14,000 lb. 
per sq. in., air being exhausted before the final pressure is 
applied. 

Blast-furnace Practice 1 (1928) 

The tendency in Europe, as with us, is to use turbines for 
new construction or replacement of old steam or even gas 
engines. The lower construction cost and the lower operating 
cost, when they can have high steam temperatures and pres- 
sures, together with their efficiency, is the cause of this change 
to turbines, in both high and low pressure. 

The present trend is to equip plants with modern, efficient 
steam boilers, turbines, etc., and gradually work into high- 
pressure superheated steam equipment to accomplish a saving. 
Otne company has just completed a 375 to 400 lb., 700° super- 
heated steam installation and turboblowers with this end in 
view. Some of our new steam plants are using 350 lb. working 
pressure. 

But little scrap is charged in German furnaces, because 
of difficulties with the budcet tops generally used. Besides 
it is needed for open-hearth furnaces. 

So far as could be learned, no plants in Germany are screening 
their ore and sintering the fines. They are, however, using a 
great deal of sinter. 

Flue dust and Swedish concentrates are mixed and sintered 
at many plants, giving a good product containing about 66 
per cent. iron. Some plants also add coke breeze; 6 >'2 P er cent, 
carbon is about the lowest that will give good sinter. 

Flue dust and bluebilly, or purple ore, are mixed extensively, 
as the latter is cheap and runs from 40 to 55 per cent. Fe. 
Meiderich works has a 2-strand, 39^-in. by 82-ft. Dwight- 
Lloyd machine using this mixture. The charge contains 
45 per cent. Fe, 6)^ per cent. C, 13 per cent, moisture and 
is laid on a %-in. crushed limestone bed to protect the pans. 
Blast-furnace gas is used for ignition. The furnaces •at this 
plant have used up to 50 per cent, sinter with good results. 
The Volklingen plant at Saarbrucken, IJrance, working on 
minette orea with 32 to 35 per cent, iron content, has been 

1 Excerpts from a paper read before the American Iron and Steel Institute, 
at New York, Oct. 26, 1928, by C A. Meissner. 
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screening for 1 % years, sintering the fines with flue dust, coke 
dust and mill scale. Other plants in the Luxemburg region are 
contemplating doing this soon. 

Belt transmission of ores is nowhere in use. They see no 
objection to it, however. Transmission of all sorts of materials 
with cable buckets is very generally used all over Europe. 

Crushing of coke is not generally practiced in Germany. 
The Vulkan plant is crushing to \Ai to 2% in,, screening out 
the walnut size for domestic and the breeze for sinter. They 
are obtaining good results and other plants are now starting 
to do this. 

At the Hambom furnaces in Germany daily average produc- 
tion through a year on 16-ft., 5-in. hearth furnaces, m good 
condition and with good ore mixture, has been as high as 835 
tons. Lhis they attribute largely to the open nature of the 
burden. Daily averages for a month are sometimes as high as 
850 tons and they had made as high as 920 tons daily for a 
month’s run. Productions of 950 to 1,000 tons are occasionally 
made for a day or two, but not over any period of time. The 
present daily average production, because of poor ore mixture 
resulting from the Swedish mine strike, is 700 tons per furnace. 
Average production for a campaign is about 1,200,000 tons. 
Varying amounts of sinter are used. 

On good ore mixture slag volume is about 1,100 lb. per ton 
of iron. On present poor ore mixture about 1,760 lb. per ton 
of iron. On good ore mixture the coke rate is from 1,716 to 
1,870 lb. per ton on larger furnaces, depending of course on 
age of furnace. 

Blast temperature is generally 950 to 1100°F. throughout 
Germany; higher heats slow the furnaces down too much. 
Hamborn is using 1200°F. However, one plant at Saarbrucken, 
France, expects to go to 1550°F. on minette ores and sinter. 
The general feeling is that there is no limit to stove heat, except 
what the furnace will take without slowing down. 

Heating surface per stove on the nevr Hamborn furnace is 
102,000 sq. ft. Four two-pass side-combustion chamber 
stoves, with square checkers having 2%-in. brick and 3H“in. 
holes, are being constructed. 

Top temperatures run from 300 to 480 °F. 

Average wind on 16-ft., 5-in. furnaces is 49,600 to 59,000 
cu. ft. per minute. New furnace will blow 71,000 to 75,000 
cu. ft. per minute. Gas engines arc used exclusively at this 
plant for blowing, and electric generators. The high first 
cost of gas engines is weakening their position in Germany. 
New blast furnaces at Essen are installing 90,000 cu. ft. per 
minute turboblowers. 

Blast pressure at the Hamborn plant is about 14J^ lb. per 
square \nch. Ordinary tuyeres are used, but patented Venturi 
type tuyeres will be tried. 

The cleaning of blast-furnace gas by electrical precipitation 
is j,rousirig a great deal of interest throughout Central Europe. 
Among the reasons given for this interest are the following: 
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1. Power consumption of electric cleaning is about one-tenth 

that of wet washing. 3 

2. Cost of sludge disposal from wet washers is high. 

3. Difficulty of wasfte water disposition is serious in some 
sections. 

4. Shortage of "water at some plants makes wet washing 
objectionable. 

5. Several plants are putting in turboblowers and so do not 
need such clean gas as would be required for gas engines. 

6. The saving of sensible heat, even after gas is partially 
cooled in primary coolers, is considered to more than offset 
the extra moisture carried by the gas. 

Efforts to clean hot gas electrically have met with little 
success abroad. The feeling is general that the economical 
unit is one which has a thermostatically controlled spray 
tow r er preceding it, so that the gas to be cleaned will have a 
uniform temperature, ranging from 140 to 210°F. in different 
installations. The reduced volume of the cooled gas makes 
possible a smaller unit, and the uniform temperature permits 
much cheaper construction than would be possible if the high 
temperatures during slips hud to be guarded against. It has 
also been established that, for a given cleanliness of gas, higher 
gas temperature necessitates lower velocity through the cleaner. 
This condition would therefore call for a considerably larger 
cleaner for gas at, say, 400°F. than is needed for gas under 
200°F. 

The feeling exists generally that the advantages of high 
sensible heat and low moisture content of hot gas are more 
than offset by the money saved in building the smaller, more 
efficient and more cheaply constructed unit using cooled gas. 

Where gas is to be used for gas engines as well as stoves and 
boilers, normal practice is to install a primary cleaner for the 
latter, and a secondary cleaner followed by hurdle cooling 
towers for the engine gas. 

It may be of interest to note that the injection of water into 
a blast furnace at or near the tuyeres, which has been tried in 
Germany, is not generally received with favor. Neither is 
the proposition of withdrawing gases from the upper part of 
the furnaces. 

It may be interesting to make a few notations of American 
blast-furnace practice compared to the European practice. 

In large American blast-furnace plants, the aim today is 
that each individual blast-furnace stack should produce 700 
tons or more of iron per day, unless there are local condition's 
which make this commercially uneconomical. A great many 
furnaces have passed this mark, while there are several stacks 
which produce 850 to 950 and occasionally over 1,000 tons of 
iron per day. At one plant with eight furnaces operating during 
the month of July, 1928, not one stack produced less than 
700 tons iron per day, while one of these stacks averaged 979 
tons per day for the month, with a cokeMconsumption of 1.838 
lb. per ton of iron. Average coke consumption for the whole 
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plant for this month was 1,862 lb.; average iron production was 
782 tons. ® 

From this it may be noted that while several furnaces in 
Germany are doing excellent work, theer best furnaces are not 
producing any greater tonnages than out large modern furnaces. 
What we have to learn, however, is the larger use of sinter, 
especially as applied to flue dust and possibly as applied to fine 
ores. 

Comparative Blast-furnace Practice 1 
(Period Ending Apr. 1, 1919) 


Total pig iron produced, tons . ... 
Average daily production of pig 

iron, tons 

Average daily production of pig 
iron per 100 cu. ft. essential 

furnace volume 

Pounds coke consumed per ton iron 

produced 

Pounds stone consumed per ton 

iron produced 

Pounds Bessemer Blag consumed 

per ton iron produced 

Pounds ore consumed per ton iron 

produced 

Pounds scale consumed per ton iron 

produced 

Pounds scrap consumed pert on iron 

produced 

Pounds scrap produced per ton iron 
Pounds flue dust produced per ton 

iron 

Pounds sintered dust consumed per 

ton iron 

Average cubic feet air blown per 

minute at 60°F 

Average cubic feet air blown per 

pound ooke at 60°F 

Air blown per minute adjusted to 

56 cu. ft. per lb. coke 

Average blast temperature, deg. F. 
Average blast pressure, pounds per 

square inch 

Number of tuydres actually blown 

through 

Size of tuydres actually blown 
through 

Average gas temperature, deg. F . . 
Average gas pressure in inches of 

water 

Average per cent, of water added to 

ore charged 

Average cfmposition of iron pro- 
duced: 

Silioon, per cent 

Sulphur, per oent 

Phosphqrus, per cent* 

Manganese, per cent 


Mark Mfg. Co. 
No 1. 

3 months 

Inland Steel Co. 
No. 3, 

12 months 

52,101 

205,353 

578.9 

569. 6 

2.59 

2.86 

1,976 

1,926 

901 

918 

85 

22 

4,323 

4,656 

95 

125 

42 

8 

41 

134 

73 

290 

pone 

72 

40,688 

44,190 

49 9 

56.0 

45,660 

44,190 

954 

1,002 

16.4 

19.7 

9 

12 

► in. and 6 in. X 

12 in. 

5M in,, X 12 in. 

334 

297 

42 

35 

none 

0.9 

1.04 

1 04 

0.03 

0.035 

0.19 

0.297 

1.09 

2.03 
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Comparative Blast-furnace Practice. Continued 


Average composition of slag pro- 
duced: 

Silica, per cent 

Alumina, per cent 

CaO, per cent 

MgO, per cent 

Sulphur, per cent 

FeO, per cent 

MnO, per cent 

Per cent, of pig iron over 0.050 per 

cent, sulphur 

Per cent, of pig iron over 1.25 per 

cent, silicon 

Per cent, iron between 0.75 and 1.25 
silicon and not over 0.04 sulphur 
Method of charging: 

Dump large bell 

Dump large bell. . . j 

Height from tuyeres to 6 ft. 

below bell 

Height from tuydres to top 

bosh plates 

Height from top bosh plates 

to stack batter 

Height of stack batter 
Height from stack batter to 

0 ft. below bell 

Diameter nose to nose of tuy- 
ere coolers 

Diameter nose to noBe of top 
bosh plates 

Diameter of lining at bottom 

of stack batter 

Diameter of lining at top of 
stack batter . . 

Diameter of lining 6 ft. below 
closed bell . ... 

Volume calculated from above 
dimensions 


Mark Mfg Co. 
No. 1. 

3 months 


Inland Steel Co. 
No. 3, 

12 months 


34 55 
1475 
46.16 
1 98 
1 54 
0 46 
0.91 


33.23 
15 92 
44 80 
1 95 
1.42 

0 71 

1 97 


2 34 


Not recorded 


12.39 


Not recorded 


Not recorded 


73.39 


Coke 0,200 

Ore . . 22,500 

Stone 4,500 


71 ft. 2 in. 

13 ft. 4 in. 

5 ft 9 in. 
44 ft. 0 in. 

8 ft. 1 in. 

18 ft. 6 in. 

23 ft. 3 in. 

22 ft. 6 in. 

17 ft. 0 in. 

17 ft. 0 in. 

22,371 


Ore . 14,000 
Coke . . 3,700 

Stone . 5,000 
Ore . . 14,000 
Coke... . 7,400 

09 ft. 0 in. 

12 ft. 8 in. 

9 ft. 5 in. 

38 ft. 7 in. 

8 ft. 4 in. 

17 ft 3 in. 

21 ft. 9 in. 

21 ft. 4 in. 

16 ft. 6 in. 

10 ft 6 in. 
19,891 


From Min. and Met., February,* 1920. 


Oxygen in Cast Iron. — According to J. E. Johnson, Jr., 
oxygen in cast iron is desirable. It increases the strength, 
gives it a higher solidifying temperature and gives a white 
chill with higher silicon than an iron not containing it. The 
oxygen content can be controlled by the addition of manganese. 
But oxygen introduced by high bed, heavy charges^ low coke 
ratio, excessive melting rate, and high blast results in burnt 
iron, which is entirely different from iron containing oxygen 7 
which has been correctly melted. Controlling the oxygen 
is a much easier way of controlling the chill than by attempt- 
ing to do it through varying the silicon. (Johnson, Trans . 
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AJ.M.E.y 1914, vol. 60 p. 344; Stork, Bull. A.I.M.E. , June, 
1919, p. 961.) 

Iron and Steel * 

Cast Iron. — Cast iron is defined as any alloy of iron and 
carbon with over 2.2 per cent. C. 

White Cast Iron. — Cast iron chilled so quickly from the 
molten state that all of the carbon remains combined as FesC. 
It is brittle and hard. 

Gray Cast Iron. — This is cooled so slowly that some of the 
cementite has split into iron and carbon, the latter being 
deposited as graphite. 

Malleable Cast Iron. — On reheating white cast iron and 
holding for some time at 800 to 1100° the cementite slowly 
decomposes and liberates carbon. This carbon is much more 
finely disseminated than the graphite in gray iron, consequently, 
the structure is not weakened m the same way. 

Wrought iron is malleable iron aggregated from pasty par- 
ticles without fusion, and containing so little carbon that it 
does not harden usefully when rapidly cooled. 

Steel is iron usefully malleable in some one range of tempera- 
ture and cast from the molten state into a mass initially malle- 
able or aggregated from pasty particles without subsequent 
fusion, but differing from wrought iron in containing sufficient 
carbon to harden usefully when quickly cooled from above 
its critical range. 

Transformation Points of Iron 

A 0 — 210°C. — This is found in all iron-carbon alloys and is 
the temperature above which the compound Fc 3 C is nonmag- 
netic. Such a point is found in all ferromagnetic substances 
and is called the Curie point. 

Ai— 1 726°C. (and up). — Temperature of the iron-carbon 
eutectoid (maximum solubility of carbon in iron). 

A 2 — 768°C.+. — A point found in pure iron and its alloys, 
being the Curie point of iron. Formerly called the trans- 
formation from a to ft iron, although ft iron is now called 
nonmagnetic or paramagnetic a iron. 

A 3 — 906°C. — A true polymorphic transition point. It is 
displaced both up and down by various alloying elements. 
a iron to y iron. 

Nearly all of the important physical properities of iron 
change at the A 3 point, and there is a large heat change. 

A 4 — 1400°C. — A true polymorphic transition point, y iron 
to 6 iron. I-t is displaced up and down by various alloying 
elements. 5 iron has the same space lattice as a iron. 

The transformation point A a varies for the same iron accord- 
ing to th© conditions under which they are observed. When 
observed during heating they have the letter C inserted (for 
the French “chauffagg”). The letter r signifies “ recalesence ” 
on the cooling curve. The Az point is the mean between the 
observed A c 3 and the observed A T 3 temperatures. 
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Heat Treatment Definitions 

The following proposed definitions have been formulated 
by a joint committee* of the American Society for Testing 
Materials, Society of Automotive Engineers, and American 
Society for Steel Treating. 

By “critical temperature range,” as used in the definitions, 
is meant that temperature range in the diagram given by 
Howe: 

1. Heat Treatment. — An operation, or combination of opera- 
tions involving the heating and cooling of a metal or an alloy 
in the solid state. 

Note. — This is for the purpose of obtaining certain desirable 
conditions or properties. Heating and cooling for the solo 
purpose of mechanical working are excluded from the meaning 
of this definition. 

2. Quenching. — Immersing to cool. 

Note. — Immersion may be in liquids, gases, or solids. 

3. Hardening. — Heating and quenching certain iron base 
alloys from a temperature either within or above the critical 
temperature range. 

4. Annealing. — Annealing is a heating and cooling operation 
of a material in the solid state. 

Note (A). — Annealing usually implies a relatively slow 
cooling. 

Note ( B ). — Annealing is a comprehensive term The pur- 
pose of such a heat treatment may be* 

. Note ( E ). — To remove gases. 

(a) To remove stresses. 

(6) To induce softness. 

(c) To alter ductility, toughness, electrical, magnetic or 
other physical properties. 

(d) To refine the crystalline structure. 

In annealing, the temperature of the operation and the rate 
of cooling depend on the material being heat-treated and the 
purpose of the treatment. 

Certain specific heat treatments coming under the compre- 
hensive term “annealing” arc: . . 

A. Normalizing. — Heating iron base alloys above the critical 

temperature range followed by cooling to below that range in 
still air at ordinary temperature. ...» , . 

Note. — In the case of hypercutectoid steel, it is often desir- 
able to heat above the Ac cm line. 

B. Spheroidizing. — Prolonged heating of iron base alloys at a 

temperature in the neighborhood of, but generally slighuy 
below, the critical temperature range, usually followed by 
relatively slow cooling. . „ , . , . , . 

Note. — ( a) In the case of small objects of high car Win steels, 
the spheroidizing result is achieved more rapidly by prolonged 
heating to temperatures alternately withjn and slightly below / 
the critical temperature range. • 

(b) The object of this heat treatment is to produce a glo&ular 
condition of the carbide. 
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C. Tempering (also termed Drawing). — Reheating, after 
hardening, to some temperature below the critical temperature 
range followed by any rate of cooling. . 

Note. — (a) Although the terms “tempering” and “drawing” 
are practically synonymous as used in commercial practice, 
the term “tempering” is preferred. 

(b) Tempering, meaning the operation of hardening followed 
by reheating, is a usage which is illogical and confusmg in the 
present state of the art of heat treating and should be 
discouraged. 

D. Malleabilizing . — Malleabilizing is a type of annealing 
operation with slow cooling whereby combined carbon in white 
cast iron is transformed to temper carbon and in some cases the 
carbon is entirely removed from the iron. 

Note. — Temper carbon is free carbon in the form of rounded 
nodules made up of an aggregate of minute crystals. 

E. Graphitizing . — Graphitizing is a type of annealing of 
cast iron whereby some or all of the combined carbon is trans- 
formed to free or uncombined carbon. 

6. Carburizing (Cementation). — Adding carbon to iron base 
alloys by heating the metal below its melting point in contact 
with carbonaceous material. 

Total Heat and Heat Capacity of Pure Iron 


Temp. deg. C. 

Total heat, 
mean, per 
gram 

True specific 
heat, per 
gram 

0 

0 


100 

11.17 


200 

23.25 . 


300 

36.04 


400 

50.28 


500 

65.80 


600 

82.6 


700 

100.77 


790 

125.3 

...Cffifl 

800 

125.2 


900 

149.6 

^ •• ■ ^ 

1000 

168.0 


1100 

183.0 

0.154 

1200 

198.4 

0.154 

1300 

213.8 

0.154 

1400 ' 

229.6 

0.154 

1500 

250.2 

0.143 

1535 (solid) 

252,3 

0.143 

1535 (liquid) 

317.2 

0.176 

1600 

319.8 

0.176 

Aa- ,906° 

* 4.9 cal. per gram 


• A 4 - 1400° 

1.7 cal. per gram 


m.p - 1535° 

64.9 cal. per gram 
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Note.-— T he term “carbonizing” used in this sense is undesir- 
able and its use should be discouraged. 

6. Case Hardening.— Carburizing and subsequent hardening 
by suitable heat treatment, all or part of the surface portions 
of a piece of iron base alloy. 

Case . — That portion of a carburized iron base alloy article 
in which the carbon content has been substantially increased. 

Core . — That portion of a carburized iron base alloy article 
in which the carbon content has not been substantially increased. 
The terms “case” and “core” refer to both case" hardening 
and carburizing. 

7. Cyaniding. — Surface hardening of an iron base alloy 
article or portion of it by heating at a suitable temperature in 
contact with a cyanide salt, followed by quenching. 


Reduction of Iron Ores by Carbon Monoxide 1 


Temp, 
deg. C. 

FesOt-FeO 
per cent. 
COa 

Equilibrium, 
per cent 

CO 

FeO-Fe, 
per cent. 

CO 

Equilibrium, 
per cent. 
CO a 

561 



53 6 

46.4 

627 

43.5 

56.5 

57 0 

43.0 

662 

39.7 

60.3 

58.4 

41.6 

720 

35.2 

64.8 

60.7 

39.3 

863 

25.5 

74.5 

65.9 

34.1 

963 

20.4 

79.6 

69.2 

30.8 

1070 

16.4 

83.6 

72.4 

27.6 

1175 

15.2 

84.8 

75 5 

24.5 


1 Heihachi Kahura, Trans M A . I . M.E , February, 1925, meeting; also 
A. Matbubara, Trans . A . I . M . E ., 1922, Vol. 67, p. 3-35. 


Temp, deg C. 

FeO-FesC 
equilibrium, 
per cent. CO 

Fe-FeaC 
equilibrium, 
per cent. CO 

800 

86.0 


850 

88.6 

94.5 

900 

90.3 

95.4 

1000 

92.9 


1100 

95.6 

98.9 


The equations governing the above data are: 


Fea04 “H CO ^ 3FeO -f CO 2 . 
FeO + CO ?=t Fe + C0 2 
3Fe + 2CO FeaC CO 2 

3FeO -j- 5CO ?=* FeaC *+* 4C0 2 * 
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Thermochemistry of the Ijion Blast Furnace 


Reaction 

3FeO + Si = FeSiOa + 2Fe 

FeO + Mn = MnO + Fe 

8FeO + 2P = Fe 3 P 2 0, + 5Fo 

FeO 4- C = CO + Fe 

Si0 2 “I - CaO = CaSiO 3 

PjO* + 3CaO = CasP aOg 

FeSiOa + CaO = CaSiOs + FeO 

Fe»P 2 0 8 + 3CaO = Ca 3 P 2 0 8 + 3FeO 

MnSiOs + CaO = CaSi0 3 + MnO 

Mn 3 P 2 0 8 4- 3CaO = Ca 3 P 2 0 8 + 3MnO 

FeSiOa + C = Si0 2 + Fe + CO 

MnSiOa + C = Si0 2 + Mn + CO 

Fe 3 P 2 0 8 + 3C = P 2 O ft + 3Fc + 3CO 

FeO + C = Fc + CO 

MnO + C = Mn + CO 

Fe 3 P 2 0 8 + 3Si0 2 = 3FeSi0 3 + P 2 0 6 

Ca 3 P 2 0 8 + 3Si0 2 = 3CaSiOa + P 2 0* 

P2O5 + 5C = 2P + 5CO 


Calories 

4- 100,040 
+ 26,200 
+ 168,700 

35.600 
+ 15,200 
4- 78,700 
+ 5,600 
+ 26,340 
4- 10,200 
+ 19,100 

45.600 

- 67,200 

- 159,160 

- 35,600 

- 61,800 

- 22,360 

- 31,900 

- 260,500 


Loss of Heat in Subterranean Gas Conduits. — The following 

table is given by M. Quahebart in Stahl und Eism, 1913, p. 
492. 


Gas temperature, 


Loss in deg per 
meter of length, 
°C. 


700-600 3 5 
600 500 3.0 
500 400 2 5 
400-300 2 0 
300200 1.0 


Steel Converting — Heat Effect of Oxidizing 1 Kg. of 
Material 


Silicon. 

Manganese 
Iron (to FeO) . 

Iron (to FezOa) 
Titanium ........ . . 

Aluminum .... 

Nickel ... 

Chromium* 

Carbon (to COi) . 
Carbon (to CO) . 
Phosphorus 


Heat o( Oxida- 
tion 

Formation of 
slag 

Total heat 
developed 

Chilling effect 
of blast, ra- 
diation, etc. 

Net heat avail- 
able for raising 
temperature 

Theoretical 
rise in tem- 
perature 

7,000 


7,000 

1.G88 

5,312 

Deg C. 
188 

1,053 

98 

1,751 

430 

1,321 

51 

1,173 

159 

1,332 

422 

910 

33 

1 ,740 

159 

1,905 

825 

1,080 

42 

4,542 


4,542 

1,022 

3,520 

133 

7,272 


7,272 

1,305 

5,967 

224 

1,051 

i59 

1,210 

378 

832 

33 

2,344 


2,344 

887 

1,457 

56 

8,100 


8,100 

3,936 

4,164 

143 

2,430 


2,430 

2,572 

— 142 

-3 

5,897 

2,572 

8,469 

1/ 2,477 \ 
|l 2,253* ] 

3,739 

133 


Chilling effect of lime added, preheated to 600°. 
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Basic-lined Open Hearth (Monell Process ) 1 

Fifty tons pig iron at 1300°C. run in on 15 tons of ore (90 
per cent. Fe 2 0 3 ; 10 per cent. Si0 2 ) also heated to 1300°C. 
There is 2,000 lb. CaO on the ore. The reaction requires about 
20 minutes. 


Analysis of Metal 



On running in 

i 

After reaction 

Carbon 

3 50 

3 00 

Silicon 

2 00 

0 00 

Phosphorus. 

0 75 

0.00 

Manganese. 

0 50 

0 00 

Iron 

93 25 

97.00 



Heat evolved 

Cal. 

Si to SiO z . ... 

2,000X7,000 = 

14,000,000 

P to P 2 G 6 

750X5,892 = 

4,419,000 

Mn to MnO 

500X1,653 = 

826,500 

C to CO . . 

471 X2,430 = 

1,144,500 

Si0 2 to FeO SiC) 2 

7,286 X 144 = 

1,049,200 

CaO to 3CaO P 2 () 6 . . . 

2,000 X 949 = 

1,898,000 



23,337,200 


Pioikon Converting Data 



C, 

per cent 

P, 

per cent. 

Si, 

per cent 

Mn, j 
per cent.j 

s, 

pei cent. 

Charge 

After blowing 9 min. 

2 98 

0 10 

0 94 

0.43 

0.06 

10 sec 

0.04 

0.11 

0.02 

0.01 

0.06 


Slag formed: Si0 2 , 63.56 per cent.; A1 2 0 3 , 3.01; FeO, 21.39; 
Fe 2 0 3 , 26.3; MnO, 8.88; CaO, 0.90; MgO, 0.36. • 

Gases produced: C0 2 , 5.20 per cent., CO, 19.91; H 2 , 1.39; 
N 2 , 73.50 per cent. m 


1 J W. Richards, "Metallurgical Calculations,” Vol. II 
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Heat Balance-Sheet (Blowing 22,500 Lb. of Above Pig) 


Heat in converter body at starting 8,034,970 

Heat in melted pig iron , 6,750,500 

Heat in spiegeleisen 750,000 

Heat in blast 86,580 

Heat of oxidation 4,510,80c 1 

Heat of formation of slag 59,890 


Total on hand and developed 20,192,740 


Heat in converter body at finish 7,183,770 

Heat in finished steel .... 8,632,750 

Heat in slag 1,582,350 

Heat in escaping gases 2,786,000 

Heat absorbed in decomposing moisture 182,130 

Heat conducted to the air 34,630 

Heat lost by radiation 25,240 


Total accounted for 20,426,870 


1 Derived as follows: 

C to CO 2 1,139,670 cal. 

C to CO 1,309,280 cal. 

Si to SiOi . ... 1,422,400 cal. 

Mn to MnO. ... .... 327,130 cal. 

Fe to FeO ... ... 268,150 cal. 

Fe to FeaO* 44,170 cal. 


4,510,800 cal. 


Tempering Ordinary Steel 


Deg. Color 

200 Yellow 

250 # ... Brown 

300 Light blue 

350 Dark blue 



Heat absorbed 

Cal. 

FeaOs to FeO 

18,900 X 573 = 
4,681X1,173 = 
471 X 705 = 
2,000 X 931 = 
750X1,400 = 

10,829,700 
5,490,800 
332,000 (7) 
1,862,000 (?) 
1,050,000 (?) 

FeO to Fe 

Fe*C to Fes-f C 

FeSi to Fe-fSi 

Fe*P to Fe*-fP 

« 

19,564,500 (?) 
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Balance Sheet of Iron Blast Furnace 1 

(Per 1000*Units of Pig Iron) 


Charges 

• 

Pig iron 

Slag 

Gases 

Ore 

1530.2 








1314.9 

Fe... . 

920.4 



O 

394 ft 

FeO... 

60.6 

Fe... . 

46.2 

FeO... . 

1.2 

O.. . . 

13.2 

SiOi . . 

84.2 

Si . 

6.0 

SiOa . 

69.6 

O. .. 

8.6 

MnO .... 

9.6 

Mn . 

0.25 

MnO . 

9.3 

O .. 

0.1 

AlaOa . . 

11.6 



AlaOa 

11.6 



CaO. 

34.1 



CaO .. 

34.1 

O. .. 

0.03 

MgO. . 
PaOa . 

14.8 



MgO 

14.8 



0.092 

P . . . 

0.04 


O . . . 

0 . 0 ft 

8 

0.153 

S 

0.07 

CaS. 

0.19 


Cu 

0.11 

Cu 

0 11 



O. .. 

0.01 

Limestone .... 

115.8 







FeaO* . . . 

0.2 



FeO.. . 

0.2 

O. . . 

0.02 

3iOa 

3.6 



SiOa. . . 

3.6 



AlaO. . 

0.4 



AlaOa . 

0.4 



CaO 

62.2 



CaO 

62.2 



MgO 

0.2 



MgO. . 

0.2 



PaOs 

0.007 

1 * 

0.003 


O . . 

0.004 

8 

0.001 



CaS. . . . 

0.0 



COa . 

49 1 





COa. 

49.1 

Charcoal .... 

682.0 







C 

547.7 

c. 

27 0 



C... 

520 7 

N ... . 

0.5 





N... . 

0. A 

. o. . 

24.1 





O. . . . 

24.1 

FeaOa 

2.2 



FeO. .. 

2.0 

O .. 

0.2 

SiOa 

1 3 



SiOa . . 

1.3 



CaO 

6.1 



CaO... 

5.9 I 

O .. 

0.06 

MgO 

PaO« 

0.7 

0.046 


| ’ 0.02 

MgO. . . 

0.7 

O 

0.03 

s 

0. 110 



CaS. . . 

0.25 



KaO 

3 . 4 

i 


KaO.... 

3.4 



HaO 

95 1 8 




HaO 

'9ft!s" ’ 

Blast 

2416 8 


1 : . 





Oa 

557.7 


! 



O . 

557.7 

Na 

1859.1 





N 

1859 . 1 

Totals . . . 

4744.8 


1000.0 


220.8 


3543.7 


1 J. W. Richards, “Metallurgical Calculations/' Vol. II. 
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Heat Balance, Iron Blast Furnace 1 

(Per 100 Kg. 6f Iron) 


Heat developed 

* Dry blast 

Wet blast 

C to CO 

C to CO 2 

Heat in blast. 

Solution of carbon in iron. 

Formation of slag . . 

1 

92,950 Cal. 
206,955 Cal. 
37,850 Cal. 
2,820 Cal. 
4,260 Cal. 

131,220 
213,030 
! 39,385 

2,820 
4,425 

|344,835 Cal. | 

390,880 


1 J. W. Richahdh, “ Metallurgical Calculations,” Vol II. 


Heat accounted for 

Dry blast 

Wet blast 

Reduction of iron 

165,870 

165,870 

Reduction of silicon 

7,000 

7,000 

Expulsion of C0 2 

18,666 

18,666 

Evaporation of moisture. . . 

11,342 

11,342 

Heat in waste gases 

23,799 

43,836 

Decomp, of blast moisture 

3,225 

14,511 

Heat in slag 

29,280 

30,450 

Heat in pig iron 

32,500 

32,500 

Heat in cooling water. . . 

14,922 

15,525 

Lost by radiation and conduction 

37,791 

51,180 


344,835 

390,880 

Carbon burnt at tuydres 

58 05 

75.3 

Total fixed carbon charged 

67.8 

84.3 

Proportion burnt of tuyeres. 

85.6 

89.3 

Fixed carbon really available 

62.9 

79.4 

Proportion burnt at tuyeres 

92.3 

94.8 


Cupola Charges in Stove Foundries 1 



Foundry 

A 

>> 

i* 

£ 

Foundry 

C 

Foundry 

D 2 

Foundry 

E 

Bed of coke 

First iron charge 

All other iron charges. 

First charge of ^oke . 
Second charge of coke . . 

Four next charges 

Six next charges. . 

All other charges 

1500 

5000 

1000 

200 

200 

150 

120 

100 

1600 

1800 

1000 

150 

130 

130 

100 

100 

1600 

4000 

2000 

200 

200 

150 

150 

150 

1800 

5600 

2900 

200 

200 

200 

200 

200 

1900 

5000 

2000 

200 

175 

175 

175 

175 


1 Kent’s, ** Mechanical Engineers’ Pocket Book.” 

2 A very high melting rf»tio for stove plate. About 8- to 14-oz. blast is 
necessary for good melting. The metal loss will probably run from 4 to 6 
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I 

Washing Gases *vtth Thiessen Washer 



j ^ochdahl 


[ Htirde 



Appa- 
ratus 1, 
hot 
un- 

cleaned 

gas 

Appa- 

ratus 

11 

Schalke 

t 

Appa- 
ratus I, 
cool 
cleaned 
gas 

Appa- 

ratus 

II 

1 

Rom- 

bach 

Dust, grains per 1000 
cu ft : 

Before washing 

2.6 

2.6 

1.3-1. 7 

1.1 

1.0 

0.87 


0.017 

0.008 

0.008 


0.004 

0.008 

18.3 

Water, grains per 1000 
cu. ft.: 

Before washing 

7.8 

10.4 

15.0 

I 13.9 

15.8 

After washing 

3.1 

2.2 

% vol. 
12.20 

1.5 

1.3 

13.9 

Temperature of gas, 
deg. C : 

Before washing 

144.0 

158.0 

% vol. 

144.0 

46.0 

| 

45.0 

43.0 

After washing 

30.0 

37.0 

30 0 

33.0 

28.0 

36.0 

Temperature of water, 
deg. C.: 

Before washing 

14.0 

7.0 

12.0 

28 0 

20 0 

18.0 

After washing .... 

39.0 

40.0 

55.0 

37 0 

34.0 

19.0 

Cooling water con- 
sumed: 

Cubic feet per hour. 

6G7 0 

424.0 

360.0 

565 0 

247 0 

360.0 

Gal per 1000 cu ft 

8.22 

7.4S 

7.48 

7.78 

7.93 

8 45 

Volume of gas per hour, 
cubic feet 

607,160 

423,600 

360,060 

529,500 

211,800 

317,700 


1 Hotman’s "General Metallurgy.” 


STEEL ROLLING 


Cubic Millimeters of* Steel Displaced by 1 Kg-m. of 
Energy at Different Temperatures 1 


Square ingots to 

At temperatures, deg C. 

1300 

1200 

1000 

900 

Flats 

100 

45 

20 

18 

RniiaHH 

80 

85 

50 



ltUUUUo 

T-girders 

67 

20 

10 

Rn.il a 

70 

20 







1 Hofman’b “General Metallurgy,” p. 6G5. 

Shrinkage of Castings per Foot • 

Cast iron % in. Zinc in. 

Brass iKe in. Tin * 

Steel. in. Aluminum. . §4 $ in. 

Malleable iron % in. Britannia £§2 in. 
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f 

Linear Contraction op .Aluminum Allots 


Analysis 

Per 

cent. 

con- 

traction 

t 

Analysis 

Per 

cent. 

con- 

traction 

92:8 Al:Mg 

1.15 

90:8:2 Al:Cu:Mg. . . 

1.08 

92:8 Al:Cu 

1.34 

90:8:2 Al:Cu: Si. .. 

1 17 

92:8 Al:Sn 

1.38 

90:8:2 Al:Cu:Ni... 

1.25 

92:8 Al: Ni 

1.42 

90:8:2 Al:Cu:Sn. . . 

1.26 

No. 12 alloy 

1.50 

90:8:2 Al:Cu:Fe... 

1.29 



90:8:2 Al:Cu:Zn... . 

1.29 

No. 31 alloy 

i.50 

90:8:2 Al:Cu:Mn.. . 

1.40 


Linear Contraction; Alloys op Copper 


Nominal composition 

Pouring 
temp., 
deg. F. 

Linear 
contraction, 
per cent, 
high and low 
pouring temp. 

66: 40:1: 1.6: 1 .5 Cu: Zn: Fe:Al:Mn. . 

1900 

2.17-2.19 

60:40 Cu:Zn 

1900 

1 80-1 89 

70:30 Cu: Zn 

2000 

1.75-1.77 

60:38:2 Cu:Zn:Sn 

1900 

1.69-1.875 

70:29:1 Cu:Zn:Sn 

1950 

1.65-1.67 

86:4:6:3:1 Cu: Ni: Sn: Zn: Pb 

2300 

1.43-1.425 

86:5:6:6 Cu:Sn:Zn:Pb 

2300 

1.425-1.47 

87:7:5:1 Cu:Sn:Zn:Pb 

2250 

1.40- 

80:20 Cu: Sn 

2200 

1.375-1.55 

76:7:4:13 Cu:Sn:Zn:Pb 

2300 

1 37-1.37 

88:10:2 Cu:Sn:Zn 

2350 

1 33-1.30 

88:8:4 Cu:Sn:Zn 

2300 

1 33- 

86: 11:3 Cu : Sn : Zn 

2300 

1.33-1.39 

90:6:3:1 Cu:Sn:Zn:Pb 

2300 

1 33-1.43 

84:10:5:1 Cu : Sn :JZn : Pb 

2300 

1.32-1.35 

84:11:5 Cu:Sn:Zn 

2300 

1.32-1.36 

86: 15 Cu:Sn 

2300 

1.31-1.45 

89:8:10:0.2 Cu:Sn:P 

2400 

1.275-1.28 

90: 10 Cu:Sn 

2400 

1.275-1.30 

89:6:10:0.5 Cu:Sn:P 

2400 

1.26- 

80: 10: 10 Cu : Sn : Pb 

2300 

1.25-1.31 


Linear Contraction; Pure Metals 


Aluminum 1.75 

Gray iron 1.00 

'‘Steel 2.01 
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Molding-sand Tests 1 

Test for “Grain,” or Fineness. — A sample of dried sand is 
shaken 1 hr. in a fso percent. NaOH solution to deflocculate the 
clay or bonding substance contained on the grains. Washing 
is done by shaking the sand with fresh water, settling for 5 min. 
and siphoning off the liquid from a point 2.5 cm. from the 
residue, repeating the operation until the wash water is clear. 
The residue is filtered under suction, dried 30 min. at 105°C. 
and then screen-sized for 15 min. in a “Ro-tap” machine. In 
this way amounts of sand remaining on 6, 12, 20, 40, 70, 100, 
140, 200 and 270 screens may be weighed; the results are best 
expressed by plotting weight of the fractions against the size of 
sieve opening. 

Permeability. — This property permits the passage of gases 
and allows the mold to properly “vent.” Consequently, the 
test measures the flow of air through a standard sample. First 
dry the sand carefully, and then mix with a measured quantity 
of water. This may be done on a plate inclosed in a little 
tent made of moist muslin. Screen twice and store in an 
airtight jar while checking the moisture content. . A tolerance 
of ± 0.2 per cent, is permissible. Sufficient sand is then placed 
in a 2-in. brass cylinder to make a briquet 2 ± 0.08 in. high 
after being rammed three times by a 14-lb. weight dropping 
2 in. This briquet is then placed in a container, and air forced 
through it. A recommended form of apparatus consists 
essentially of a calibrated vessel from which air is displaced 
.by water flowing in from a reservoir under a constant head of 
22^ in. Air so expelled passes through the sand sample, 
and the resistance to this flow sets up a pressure in the exit 
tube which is measured by a simple manometer. A stop watch 
measures the time required to pass each liter of air. 

_ ..... air passed X height of sp e cimen 60 

Permeability j Pressure X area of specimen * time' 

(All measurements in e.g.s. units.) The committee recom- 
mends that 2 liters of air be forced through; and with the 
standard specimen the equation becomes 

30 070 

Permeability =. pressure ’ x geC ^' _ 

In addition to these three simple tests, an auxiliary test is 
suggested as desirable. It is called the dye adsorption test, 
ana is a measure of the quality of clayey material present in 
the sand. In general these materials are hydrated silicates in 
the colloidal condition; a considerable quantity is usually 
associated with a sand of strong bonding qualities. To execute 
the test, a given weight of sand is shaken with water and alkali, 
and the suspended material removed by siphon or decantation. 
A measured amount of crystal violet is then added to the uquor 
and the resulting color compared against standard solutions; 
1,200 to 1,500 mg. of dye will be adsorbed by the colloids m 

i Recommended by the American Fpundrymen’s Association. 



808 METALLURGISTS AND CHEMISTS’ HANDBOOK 

I 

100 grams of sand if it has a strong bond; weak bonds adsorb 
as little as 200 mg. 

Inhibitors. — Certain organic compounds added to pickling 
acids used on steel greatly cut down the acid used and the 
steel dissolved. Particularly effective are bases containing 
nitrogen, such as analine; pyridine, C 6 H 6 N; quinoline, C 9 H 7 N; 
and the like. The concentration of the inhibitor is small. 
Quinoline ethiodide is effective in concentrations of 0 . 01 - 0.1 
per cent. 

Screen Analysis of Ores. — In considering the advisability of 
briquetting or sintering any given ore, the point brought up by 
A. N. Diehl (Am. Iron & Steel Inst., May, 1915 ) Bhould be 
considered. This is, that the ordinary screen analysis of dry 
ore is misleading, as fine particles cling to the larger ones. He 
therefore gives it as his opinion that wet sieving tests should be 
used, as in these the fine particles are washed through the 
screens and one obtains a better classification. He gives some 
comparative tests as follows : 

Comparison of Dhy and Wet Analysis of Ores 



Ore No. 1, 

Ore No. 2, 

Ore No 3, 


per 

cent. 

per 

cent. 

per 

cent. 


Dry 

Wet 

Dry 

Wet 

Dry 

Wet 

On 20-meeh sc een 

54.50 

46 40 

61.13 

46.001 71.08| 

57.70 

On 40-mesh sc een . . . 

10 36 

13 80 

10.081 

8 40 

6 92 

10.20 

On 60-mesh sc een 

12.44 

3.30 

10.58* 

3.60 

6.29, 

2.90 

On 80-mesh sc een 

1.70 

5.80 

1.44 

4.40 

1 . 25 

3.30 

On 100-meah n< reen 

4 67 

1.10 

3.33 

0.70 

2 51 

0.80 

Through 100-r ,esh acreei 

16.24 

29 . 60 

13 44 

36.90 

11.95 

25 10 


100.06 100 oo|ioo.oo]ioo.ooiioo.oo|ioo 00 


Types of Electric Furnaces 

Electric furnaces may be divided into three classes: (1) Arc; 
( 2 ) resistance; ( 3 ) induction furnaces, according to the different 
methods of applying the heat. 

In the arc furnaces the heating is produced by radiation or 
conduction from an electric arc. This arc is formed by the 
passage of an electric current at 50 to 120 volts across the air 
gap between two carbon electrodes, or between one or more 
carbon electrodes and the surface of the molten metal, which 
then acts as the second pole of an electric circuit. 

In resistance furnaces the heat effect is produced within the 
metal itself by the resistance offered to the passage of the cur- 
rent through it. The temperature attained by this method of 
heating cannot equal that attained in arc heating; the radiation 
and conditioned losses are lower and the thermal efficiency of 
the furnace is higher. »* - 

Induction furnaces form really a Subdivision of the resistance 
type fo furnace, since the thermal effect is again due to the 
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resistance of the metal to the flow of current through it. In 
this case, however, induced currents of electricity are used in 
place of direct current. # The induction furnace is in fact nothing 
but a great stop-down transformer in which a ring of molten 
metal forms the secondary circuit and becomes the focus of 
current of large intensity but low e.m.f. The disadvantages of 
this type of furnace are its comparatively low temperature and 
the necessity for retaining a certain proportion at every melt in 
the annular ring in order to carry the current for melting the 
next charge. A groat advantage is that electrodes are dispensed 
with and that this costly item of running charges is wiped out. 
A secondary advantage is that the capital expenditure upon 
cables and conductors is greatly reduced. 

The chief commercial types of furnace fall into the classes as 
follows: ( 1 ) arc — Chaplet, Gronwall, Girod, Heroult, 
Keller, Nathusius, Snyder, Stassano; arc and resistance — 
Harden, Nau, Soderbero, Stobie; resistance — Queneau 
(pinch effect), Hehing (pinch effect); induction — Anderson, 
Colby, Frick, Hiorth, Kjellin, Rochling-Rodenhauser, 
Ajax Northrup. 

Composition of the Silicides and Carbides 1 

Ni 2 Si, Co 2 Si, Cr 2 Si, Mn 2 Si, Cu 2 Si, Fe 2 Si, 2 Fe 2 Si, 2 W 2 Si 3 . 

2(a) | 3(b) | 4(c) ] 5(/) ] 6 (d) | 7(f) | 8 (/) | 9(c) | 10(/) 


IisCs. . CaCa CeCa UaCa WC ALC3 CrjCa MoC Mn»C| Cr«C 
SrCa LaCa WtC FesC 

BaCa YtCi 
ThCi 

! ! 1 ! ! ! 1 1 1 

(a) All carbides of this group give acetylene when decomposed with water. 
(b) These carbides give off comjilcx mixtures of acetylene, ethylene, meth- 
ane and hydrogen, according to temperatuie employed, (c) This carbide 
when decomposed with water gives gases rich in methane. Only about 
one-third of the carbon is given off in thiH way, the remainder forms liquid 
and solid hydrocarbons and carbohydrates. (<1) These carbides and. water 
give methane only, (e ) Manganese carbide and water give equal mixtures 
of methane and hydrogen. Iron carbide is not decomposed. (/) These 
carbides are not decomposed by water. 

1 From Borcher’s “Electric Smelting and Refining*” 

2 These silicides mix with silicon in all proportions. 

Volatilization of Carbides. — According to W. R. Mott 
(Journ. Am . Electrochcm. Soc., Vol. 34, 1918) carbides volatilize 
in the following order: Cr 2 C 3 , 3S00°C.; V 2 C 3 , 3900°; V 3 Ca, 
3900°; U 3 C 2 , 4100°; TiC 2 , 4300, Cb 2 0 3 , 4300°; MoC 2 , 4500°; 
Yt 2 C 3 , 4600°, Th 2 G\ 5000; Zr 2 C\, 5100°; TaC 2 , 5500°C; WC 
6000°C. (These values appear high — Editor.) 

The silicides of W, Mo, Zr, and Th can be formed at tempera- 
tures below the melting points of the elements by heating 
suitable mixtures in a tube from which air has been exhausted. 
For example Mo and Si combine whan so heated in atomic 
proportions to a temperature of 1100 o -1200°. The pelting 
points of Si and Mo are about 1900° and 2100°, respectively. 
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Beryllium nitride may be prepared by passing cyanogen 
over metallic beryllium heated at 800 °C. A general method 
of preparation is by partial oxidation # of a metallic cyanide. 
Such a result may be obtained by heating with ammonium 
nitrate. 

Electric Steel Furnaces 1 

Power Consumption in Kilowatt-hours per Metric Ton or 
Steel Produced 



Power Consumption in Ferro -chrome Making 2 

The power' consumption in a ferro-chrome furnace of the 
Meraker Electric Smelting Co., at Kopperaaen, Norway, was 
recently gitfen as 3 kw-hours per pound, or 0.68 kw.-year per 
short ton in making a ferro-chrome containing 5 per cent, 
carbon. At Kanawha Falls, W. Va., ferro-chrome was made 
in a crucible electric-ard’ furnace with a power expenditure of 3.6 

1 Johw B. Kershaw, “Electrothermal Methods of Iron and Steel Pro- 
duction.'’ 

* Iron Trade Review, May 13, 1915. 
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kw.-houre per pound, or 0.72 kw.-year per ton. This product 
contained 70.96 per cent, chromium, 23.23 per cent, iron, 5.21 
per cent, carbon, 0.5 per cent, silicon, 0.008 per cent, phos- 
phorus, and 0.078 per cent, sulphur. At both Kopperaaen and 
Kanawha Falls an ore containing about 50 per cent. CraOa was 
used. 

Inductive Heating. — Ajax-Northrup furnace. A conducting 
helix surrounds the metallic mass to be melted. A high fre- 
quency current is passed through the helix. Electromagnetic 
magnetic energy enters the mass by induction. The helix 
itself is cooled by water coils. An ailoy 46 Fe, 46 Ni, and 8 
Cu and Mn was melted in 22 min., using energy at the rate of 
666 kw.-hr. per metric ton melted. Furnace efficiency, 82.67 per 
cent. Nichrome was melted in the same time, using 597 kw.-hr. 
per metric ton. Both tests were started using a cold crucible. 

In the June, 1921, issue of the General Electric Reiriew , John 
A. Seede gives a table of the kilowatt-hours required in the 
electrochemical production of various materials, from which 
the following table is taken: 

Kw.-hr 


Material 

Aluminum 

Alundum 

Barium oxide . . . 

Cadmium 

Calcium carbide 

Calcium cyanamidc . . . 

Carbon bisulphide 

Carborundum 

Caustic soda, 2,000 lb. 

Chlorine, 1,760 lb. 

Copper (electrolytic refining) . . . 
Copper (electrolytic deposition) 
Ferrochromium (60 per cent.). 
Ferromanganese (76 per cent.). 
Ferromolybdenum (60 per cent.) 
Ferrosilicon (50 per cent.). . 
Ferrosilicon (75 per cent.). . 
Ferrotungsten (70 per. cent.) 
Ferrouranium (40 per cent.) . 
Ferro vanadium (35 per cent.) . 

Graphite 

Iron (electro thermic). 

Iron (electrolytic) 

Lead 

Magnesium 

Nitric acid 

Phosphorus 

Potassium chlorate 

Sodium * 

Sodium chlorate 

Tin 

Zinc 


per 

ton 

30.000 
2,000 
1,200 

2.500 

4.000 
3,750 

850 

8.500 

} 3,000 

300 

2,600 

8.000 

5.000 
8,400 
5,000 

10.000 
7,600 

8.000 
6,800 
7,800 

2.500 
4,000 

145 


27,000 



1,350 

20,000 

7.000 
175 

4.000 



♦ 


SECTION XI 

ORGANIC CHEMISTRY 


The object of this section is to serve only as a reminder of 
simplest formulas and properties of the more common organic 
compounds. Carbon differs from the other elements, except 
perhaps silicon, in its ability to form highly complex molecules, 
carbon being linked to carbon, and also in the readiness with 
which several of its valences will be satisfied by another carbon 
atom. Thus, the structural formula of methane, marsh gas, is 


H H H 

H — A —H; ethylene is C=C^ ; acetylene H — C =C — H. 

H y / 'H 

II H 

w 

The benzene ring is H — C C — H, and the double ben- 

X c=c/ 

H H 

l c / 

/- \ c / \ C /H 


zene ring, or naphthalene is II— C 


, CioHg. 


I II I 

o c c 

/ \ / \ ✓ \ 

H . C C H 

I I 

II H 

H 

A series, such as the marsh gas series, is methane, H — A— H; 

A 

0 H H H H H 

ethane, H— C— A— II; propane, H— A— C— A— H. A scries 

lit III 

H H H H H 
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of such compounds is said to be homologous, aAd the compounds 
are homologues. As will be^een, each of the above compounds 
corresponds to the formula CiiH 2 »+2 (paraffin series); the 
olefines correspond to €nH 2n ; the acetylene series to CnHj n -i; 
the benzene series to CnH 3ri _r,, etc. 


Alcohols 


In general the first step in the oxidation of a hydrocarbon is 
the formation of a hvdrox's 1 group replacing a hydrogen. These 
products are the alcohols and arc bases. Thus methane is 
H II 


H 


-i- 


H; and methyl alcohol is II— C—O — II. 

I 

II 


Alcohols may be polybasic. Thus the common compound 
glycerin in the simplest tri-basic alcohol and is formed by the 
introduction of a hydroxyl into each group of a propane mole- 


II II H H H H 

cule: H — <[) — i — ([)— II, propane, II— i— i— H, glycerin. 

fl H H O O O 

H H H 


In regard to this same compound, propane, it will be noticed 
that while the compounds ClI-rCHOITCH j and CHrCHj CHr 
,OH are both alcohols of the same number of carbon, hydrogen, 
and oxygen atoms, their structural formulas are unlike, and 
their properties differ in some degree. Such compounds are 
known as metameric. When the percentage composition is the 
same they are isomeric, the latter including the former class. 
Tn general it may be said that after leaving the simpler com- 

E ounds, a mere knowledge of the number of atoms of carbon, 
ydrogen, oxygen, etc., m an organic compound is no guide 
whatever to its properties. 


Aldehydes 

If the attempt be made to substitute a second hydroxyl in 
the same carbon group in an alcohol, water will be split off. 

II O-II 


Thus, with methyl alcohol the product is not 


/ \ ’ 

H O-H 


but 


H 

C=0, or aldehyde. In general, any compound *R — CHO 

t 

will be an aldehyde with the characteristics of these compounds, 
pleasant odor, great reducing power, etc. # 

( Continued on p. 818) 
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A Table of Common 



Formula 

«• 

Structure 

Solubility 

Water, 

20°C. 

Water, 

100°C. 

Hydrocarbons 

Methane 

CH« 

All hydrogens symmetri- 

0.003:100 

i 



cal. 



Ethane 

CaHo 

HaC - CHa 

0.006:100 

i 

Propane . . 

CaHs 

H 3 C — CII 2 — CHa 



Butane . 

C 4 H 10 

HaC— CHa-CHa— CH 3 

2:100 vols 

i 

Pentane . . 

C b H 12 

HaC— CIIa-CHaCHa- 





CHa 



Hexane 

CbHu 

CHa— CHr- CHa 





CHa— CTIr-CHa 



Ethylene 

Call* 

CH 2 = CH 2 

0 015.100 

i 

Propylene 

CaHo 

CHr- CH = CHa 

0 04:100 

i 

Butylene 

C 4 H 8 

CHa— CTI = CH— CHa 



Araylene, 0 

CriHio 

CH 2 = CII-CH-CHr 





-CHa 



Acetylene 

C 2 II 2 

CH-CH 

0.12.100 

i 

Allylene 

C 3 H 4 

CHa-C-CII 



Ethylacetylene 

C4llfl 

CHa — CII 2 — Cs H 



Benzene .... 

CaHb 

The benzene ring. 

0.07:100 


Toluene 

C 7 II 8 

CHa-CrJIa 



Xylene 

Call 10 

CHj- C0H4 — CHa 



Naphthalene . 

CioHs 

The double benzene ring. 



Anthracene. 

CuHio 

The triple benzene ring. 



Terpene 

C 10 H 10 

Several compounds exist 



Amines 





Methyl-amino 

CH>N 

H 2 = NCH 3 



Dimethyl-ammo 

C 2 H 7 N 

H — N = (C Ha) 2 

. 


Ethyl-amine . 

C 2 H 7 N 

H 2 = N — CH 2 — CHa 



Hydrazine 

N 2 H4 

H 2 = N-N = H 2 



/Aiconots 

Methyl alcohol 

CH40 

CTTa-OH 

oo 

ao 

Ethyl alcohol 

C2H0O 

CH3CH2-OIT 

00 

ao 

Propyl alcohol 

CaHnO 

CHa CII 2 -CH 2 OH 



Butyl alcohol 

C4II 10O 

CHaCHaCH-jCHzOH 

22 5:100 

20:100 

Amyl alcohol 

CsHiaO 

CIIa(CH 2 )aCH 20 H 

6:100 

2:100 

Allyl alcohol 

CalluO 

CH 2 = CH-CH 2 OH 



Glycerin 

CallsOa 

CII 2 OHCHOH*CH 2 OH 



Pyrogallol 

Cr,H «03 

C«Ha(OH )3 

62:100 

v s 

Phenol 

CelloO 

CeHfiOH 

8.3:100 

33 at 68° 

Aldehydes 





Formic aldehyde 

CJI 2 O 

H 2 -C-O 

v.s. 

v s 

Acetic aldenyde 

C 2 H 4 O 

CHaCHO 



Paraldehyde 

(C 2 H40)a 

• 


12.5:100 

6.6:100 
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Organic Compounds 



Melt- 

ing 

point, 

°C. 

Boil- 

ing 

point, 

°C. 

• Specific 
gravity 

Alcohol 


-184 

-161.4 

0.415 at 

-164° 


-172.0 

-88.3 



-189.9 

-44.5 

0.59 at -45° 


-135.0 

-0.0 

0.600 at 0° 


-131.5 

30.2 

0.63 at 17° 


-94.3 

69 

0.675 at 17° 


-169.4 

-105 



-185.2 

-47.0 

1.4 

0.739 at 0° 


-139 0 
-81 8 

30.4 

-83.6 

0.652 at 17° 


-104.7 

-27.5 



-130 

18.5 

0.668 


5.4 

80 

0 88 at 15° 


-98 

112 

0 87 at 18° 


-54 

- 140 

0.86 at 18° 

9 8:100 

80 

218 

1 . 15 at 20° 

0 08:100 

213 

251 

1.147 



165 

0.86 at 20° 


-92 5 

-6.5 



-96.0 

7.4 

o!g67 


-80 6 

16.6 

0.696 at 8° 


1 4 


1.011 at 15° 

00 

-97 8 

64.5 

0.790 at 20° 

00 

-117.3 

78.4 

0.800 at 20° 

. 

-127 

97.8 

0 805 at 20° 


-89 8 

117.7 

0.817 at 20° 


-78 5 

137.9 

0.81 at 20° 


-129 0 

96.6 

0.85 at*20° 


17 9 

290 

1 . 26 at 20° 

100:100 

134 

309 

1.45 at 20° 


41 1 

181.4 

1 . 06 at 20° 


-92 

-21 

0.81 at — 21° 


-123.5 

20.2 

0.790 at 18° 

0 995 at 20° 

1 


Commonly known as marsh gas or 
fire damp. 

Easily formed by electrolysing 
acetic acid. 

The properties are those of the 
normal butane. 

There are three pentanes theoreti- 
cally possible 

Five hexanes are theoretically 
possible. 

Prepared by heating ethyl alcohol 
and H 2 SO 4 to 175°C. 


Commercially prepared from cal- 
cium carbide. 


The constants are those of the 
orthoxylene. 


The properties are those of terpene 
derived from amber. 

A stronger base than ammonia. 


Wood alcohol. Usually prepared 
by destructive distillation of wood. 

Grain alcohol. Usually prepared 
by fermentation of grain. 

Found in small amount in fusel oil. 

There are three butyl alcohols 
possible. 

Found in fusel oil. Eight alcohols 
are possible. 

Formed by heating glycerin with 
oxalic acid. 

The simplest tri-basic alcohol. 
Found as an eBter in tallow, palm 
oil, etc 

Prepared by the dry distillation of 
gallic acid. 

Usually known as carbolic acid, but 
really an alcohol. 

Formalin, formaldehyde. 

A powerful reducing agent. Poly- 
merizes readily to paraldehyde. 

A powerful reducing agent. Forms 
spontaneously from acetaldehyde. 
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Acids 

Formic acid . 


A Table op Common 


olubility 

2 | Water, I Water, 

I 20°C. | 100°C. 


CHaCOOH 


Propionic acid . 
Butyric acid. . . 

Valeric acid . . 


C 2 n 6 -COOH 

CsHt-COOH 


CiHu-COOH 


22.6 36.3 


Caproic acid. 

Caprylic acid 
Caprie acid 
Palmitic acid 

Stearic acid . . . 

Benzoic acid. 


Picric acid . . 
Oxalic acid 
Oxalic acid. 


Succinic acid. 


CsHif.02 

CioHaoO* 

ClcH3202 


CsIIiOtNs 

100011)2 

(00011)2- 

211*0 

CrffluOs 


Glycocollic acid 
Citric acid 


Tartaric acid 
Tannic acid . . 


Fulminic acid 
Gallic acid 


Halogen Compounds 
Di-iodo-methanc 


-CJInCOOH 

CtIIicCOOH 

OjHwCOOH 

CioITsiCOOH 

CxtHboCOOH 

ChHs-COOH 

C«H 2 -0II(N02) s 


0.29:100 6.88.100 


CbH2-0II(N0 2 )s 1.1-100 6 75.100 

llOOO — COOH 8.8:100 70:100 

(IlO)3=0-0-(0H)3 12.4:100 100:100 

OH 

CH 3 -CII V . B . v . b . 

'COOII 

(CU 2 -OOOH)- 

(CH 2 COOII) 

(CHOH - COOH) - v b v b. 

(CH 2 COOH) 

OHaOH.COOH 0.03:100 0 85.100 


(ClI 2 -COOH) 2 - 

/OH 

C( + II 2 O 

\CO()H 
j CHOU -COOH 
l CHOH -COOII 


0.03:100 0 85.100 
180:100 250.100 


H \ /H 
\q__CX 

C»Hn/ \(CII 2 )7- 

COOH . . 

C = N — O — H ... 

CeH 2 (OH) 3 -COOH + 

H 2 O 1 . 1 100 33.100 

Substitution product . 


Chloroform CIICI 3 

Bromoform. . CHBrs 

Iodoform .‘ CHI3 


Substitution product. 0 71:100 vs 

Substitution product 

Substitut’on product. 0.01:100 v.s. 


Chloral.. t C2HOCI3 CCla-CHO 


Carbon tetrachloride CCU 


Substitution product. 0.08:100 
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Organic Compounds. Continued 


■1 

KBB 

Boiling 

p ogf, 

Specific 

gravity 


Alcohol 



8.6 

100 6 

1 . 22 at 0° 

So called as it may be distilled 


10.5 

113 

1 00 at 0° 

from ants A strong acid 
Produced by the oxidation of 


-23 

140 9 

990 at 0° 

alcohol, or the distillation of 
wood. 


-3.1 

162 5 

961 at 0° 

Found in butter as the glycero 


-18 

180 

942 at 0° 

ester 

Found in valerian root. 


-1 5 

205 

929 at 0° 

There arc four of these 
alcohols possible 

All these acids have the nor- 


10 5 

230 

911 at 0° 

mal structure 


31 

02 

270 

>270 


Found as the glycerol ester in 


09 2 

>290 

1 00 at 0° 

palm oil 

Found as the glycerol ester in 

54.100 

121 4 

249 


tallow. 

Can be sublimed from gum 

20:100 

189 


2 00 at 9° 

benzoin 

The strongest organic acid. 

.19:100 

Decomp 

Decomp 

1 03 at 9° 

1 24 at 15° 

Produced by fermentation of 
milk 

Found in amber. 


133 

150 

Decomp 

120 

1 53 at 9° 



1 50 at 4° 

Found in apples, cherries, etc. 


80 

Decomp 

Decomp. 

1 20 at 10° 

Found in green grapes and m 

52 100 

153 

175 

Dcconip 

1 55 

beets. 

Found in lemons 


168 

• 

1 70 at 7° 

Found in grapes. 


14 


1 

. 81 at 19° 

Tannin Formed artificially 
by dehydration of gallic acid. 

Found as its glyceride olein m 

24:100 

Decomp. 

220 

2 

180 

.• . ... 

3 32 at 10° 

olive oil, lard, etc. 

Fulminate of mercury 

(CNO)sHk. 

A liquid of high sp. gr. Hence 


-03 

01 2 

1 49 at 20° 

used in laboratory separation 
of minerals. 

1 4.100 

7 6 
119 

151 

2 9 at 15° 
2 0-3 0 

A powerful germicide of un- 

1.20 100 


98 

1 54 at 0° 

pleasant odor. 

Unites with one molecule of 

22 0 

76.7 

1 . 59 at 20° 

water forming chloral hy- 
drate, which melts at 57°, 
bo^ls at 97.5°. 

B 
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A Table of Common 




r 

Solubility 


Formula 

Structure 

— 





Water, 

Water, 




20°C. 

100°C. 

Miscellaneous 





Methyl ether 

C 2 H 9 0 

CII3-O-CH3 | 



Sulphuric ether 

CdboO 

CH3--CH2— O-CU2 1 





-CHa 

6.95:100 

1 8. 

Acetone 

CtHbO 

CH3COCH3 



Allyl acetate 

CJLOj 

CH 2 = CH-CHa-OOC- 





CHa 



Amyl acetate . 

CiTT nOj 

C5H11CH2COOH 

0 2:100 


Cane sugar 

Cull 22O11 


V .8 


Glucose 

C0II12O0 

CH 2 OH(CHOH) 4 — 





CHO 

V.B. 

V.B. 

Starch 

(CoIIloOOn 

Very complex mole- 





cule. 

i 

i 

Anilin 

CJItN 

C fi H 6 NH 2 

3.4:100 

6.0.100 

Cellulose 

(CsHwOfi)* 

Very complex mole- 





cule. 

i 

1 


(Continued from p. 813) 

If both groups connected bv the =CO group are hydrocarbon 
radicals the aldehyde is known as an ketone. Acetone , CH 3 
— CO — CH 3 , is the simplest. The oxidation of an aldehyde 
under such conditions as to change the hydrogen of the aldehyde 
group to a hydroxyl, gives an acid. 

R = CHO +0 = R -COOH 

The — COOH group is typical of all organic acids. The' 
simplest are H — COOH, formic acid; H 3 — COOH, acetic acid, 
(COOH ) 2 oxalic acid. 
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Organic Compounds. Continued 



Melting 

point, 

°C. 

Boiling 

point, 

°C. 

_ m 

Specific 

gravity 


Alcohol 



-ii7.6' 

-25 

34 9 
56.5 

.713 at 18° 
792 at 18° 
.928 at 18° 





0 88 at 18° 

1 G1 

1 38 

Saccharose 

tirape sugar, starch, starch 

i 

i 

"-8 " 

184 

1 52 

1 02 at 20° 

sugar. 

Amylum 

The base of most coal-tar 
drugs and dyes. A weak 
base 

Insoluble in everything but 
Schweitzer’s reagent. 


Ethers 

While the alcohols are hydroxides, the ethers are oxides. The 
simplest ether is methyl ether CH 3 — 0 — CHa. Methyl ethyl 
ether is CH 3 — 0 — CJi B . Ethyl ether (sulphuric ether) is 
C2H6 — O — C2H5. Obviously, hydrogen-methyl ether is a 
hydroxide, methyl alcohol CHa — 0 — H. 
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FIRST AID 


INSTRUCTIONS FOR FIRST-AID TREATMENT 1 

Wounds That Bleed — Abrasions, Cuts, Punctures. — Drop 3 

per cent, alcoholic iodine into wound freely; then apply dry 
sterile gauze to wound and bandage it. Do not otherwise 
cleanse wound. 

Severe Bleeding. — Place patient at rest and elevate injured 
part. Apply sterile gauze pad large enough to allow pressure 
upon, above and below wound. Bandage tightly. 

If severe bleeding continues apply tourniquet between wound 
and heart and secure doctor’s services at once. Use tourniquet 
with caution and only after other means have failed to stop 
bleeding. 

Nose Bleeding. — Maintain patient in upright position with 
arms elevated. Have him breathe gently through mouth and 
not blow nose. If bleeding continues freely, press finger firmly 
on patient’s upper lip close to nose or have him snuff diluted 
white wine vinegar into nose. 

Injuries Which Do Not Bleed — Bruises and Sprains. — Cover 
injury with several layers of sterile gauze or cotton, then 
bandage tightly. Application of heat or cold may help, other 
means are unnecessary. If injury is severe place patient at 
rest and elevate injured part until doctor’s services are secured. 

Bromine Bums. — Wash with one volume 25 per cent, ammo- 
nia, one volume turpentine, ten volumes % per cent, alcohol. 

Bromine or Chlorine Fumes. — Inhale the vapor from a mix- 
ture of turpentine and ethyl alcohol and summon a physician. 

Eye Injuries. — For ordinary eye irritations flood eye with 
4 per cent, boric acid solution. ' Remove only loose particles 
which can be brushed off gently with absorbent cotton wrapped 
around end of toothpick or match. * 

Do not remove foreign bodies stuck in the eye. In that case 
and for other eye injuries, drop castor oil freeiy into eye, apply 
sterile gauze, bandage loosely and go to doctor. 

For oils in the eyes wash with 5 per cent, ethyl alcohol; for 
alkalis, with 3 per cent, boric acid or 1 per cent, acetic acid; 
for acid#’, with 3 per cent, sodium bicarbonate solution. These 
solutions should be kept on hand. 

1 From a Bulletin of< the Conference Board on Safety and Sanitation 
(National Affiliated Safety Organi stations; M. W. Alexander, Secretary, 
West Lynn, Mass.). Copyright, 1914. Reprinted from Engineering News. 
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For electric flash keep the victim’s eyes closec^and apply a com- 
press of boracic acid solution? (1 teaspoonful to a cup of water). 
Keep eyes closed and the compress on until a physician arrives. 

Fire, Electrical and Stin Burns. — Do not open blisters. Use 
burn ointment (3 per cent, bicarbonate of soda in petrolatum) 
freely on sterile gauze applied directly to burn. Cover with 
several thicknesses of flannel or soft material, then bandage but 
not tightly. A 0.5 per cent, solution of picric acid is verv good 
and if neither this nor the soda is available, a paste of flour in 
water. Lacking this, use a heavy oil, such as machine or trans- 
former oil. On a dry charred burn use only a dry dressing. 

Acid Burns. — Thoroughly flush wound with water, then dry 
wound, apply burn ointment and bandage as above. An 
alternative treatment is to wash with a mixture of seven parts 
glycerol, one part water and two parts ammonia and then to 
smear with a salve of ten parts vaseline, one and one-half parts 
paraffin oil and two parts magnesia. See also p. 827. 

Alkali Burns. — Thoroughly flush wound with water, then 
flood with white wine vinegar to neutralize (dilute vinegar for 
alkaline eye burns), dry wound, apply burn ointment and 
bandage as above. Another mixture for washing alkali burns 
is six parts glycerol, three parts water and one part 80 per cent, 
acetic acid. 

Asphyxiation or Electric Shock. — See page 824. 

Chills and Cramps. — Give patient 20 to 30 drops of Jamaica 
ginger in hot or cold water. If no improvement, send for 
doctor. 

. Cinders in the Eye. — Roll soft paper up like a lamp lighter 
and wet the tip to remove, or use a medicine dropper to draw 
it out. Beware of infecting the eve with a dirty handkerchief 
corner or similar material. Rub the other eye. 

Dislocations. — In case of dislocation of finger except second 
joint of thumb, grasp finger firmly and puli it gently to replace 
joint, then place finger in splint and bandage. In other cases 
rest dislocated part and secure doctor. 

Fainting. — Place flat on back; allow fresh air, and sprinkle 
with water. 

Fractures. — Make patient comfortable and secure doctor’s 
services at once. Avoid unnecessary handling to prevent sharp 
edges of broken bones tearihg artery. If patient must be 
moved, place broken limb in as comfortable position as possible 
and secure it by splint. 

Frost Bites. — Rub with ice, snow or cold water, then treat 
as “fire burns.” 

Heat Prostration. — Give patient teaspoonful of aromatic 
spirit of ammonia in hot or cold water. In case body feels 
warm apply cold to it; if necessary give cold bath. In case 
body feels cold and clammy, apply heat to it and send fo* doctor. 

Internal Poisoning. — Immediately secure doctor’s services. 
Make patient drink large quantities of water, preferably warm, 
and make him vomit by sticking one’s fingbr down his throat or 
by other means. See “Antidotes,” below. 1 
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Lightning. — D^sh cold water over a person struck. See also 

Mad Dog Bite. — If a person is bitten by a dog that has 
rabies the only reasonable course is to' be treated at a Pasteur 
Institute as soon thereafter as possible. Sucking the wound or 
cauterization will give a physically clean wound, but is of 
no avail against the virus of rabies* 

Scalds. — Cover with cooking soda and lay wet cloths over 
it. Whites of eggs and olive oil. Olive or linseed oil, plain r or 
mixed with chalk and whiting. See also “Burns/’ p. 821. 

Snake Bite. — Tie cord tight above wound. Open the wound 
with a knife and suck out the blood at once. A dressing of 
potassium permanganate may be applied to the wound. Alcohol 
is useless. Usually a doctor -must first treat a case of alcoholism 
when called in to treat a snake bite. 

Shock, Following Injury. — In case shock is due to severe 
bleeding, control it first as directed under “severe bleeding” 
and summon a -doctor. 

Lay patient flat on back and keep him warm with blankets, 
hot-water bottles, etc., and provide plenty of fresh air. Let 
patient inhale fumes of aromatic spirit of ammonia. If fully 
conscious give patient hot drink or teaspoonful of aromatic 
ammonia in hot or cold water. 

Sunstroke. — Loosen clothing. Get patient into shade, and 
apply ice-cold water to head. 

Venomous Insect Stings, Etc. — Apply weak ammonia, oil 
salt water, or iodine. 

ANTIDOTES FOR POISONS 

First. — Send for a physician. 

Second. — Induce vomiting by ticjding throat with feather or 
finger, drinking hot water or strong mustard and water. Swal- 
low sweet oil or whites of eggs. 

Acids are antidotes for alkalies, and vice versa. 

Special Poisons and Antidotes 
Acids. — Muriatic, oxalic, f 

gul ■ 

fortis). [ 

Prussic Acid. See p. 823. { A ™“° nia “ water - Dash water in 

( Flour and water, mucilaginous 
drinks. Not a true acid, so 
alkalies are useless. 

^Wsh^Immoni/ 6 ’ { Vine « ar or Ieraon i uice “ water ‘ 

Arsenic. — Rat poison, ( Milk, raw eggs, sweet oil, lime* 

I%ris green, \ water, flour and water, 
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Bug Poison. — Lead, salt- 
peter, corrosive subli- I Whites of eggs, or milk in large 
mate, sugar of lead, | doses, 

blue vitriol. • [ 

Chloroform. — Chloral f Dash cold water on head and chest. 

©ther. \ Artificial respiration. 

Carbonate of Soda. — ( a , , ... , . . 

Copperas, cobalt. \ &°*P- suds and mucilaginous drinks. 

Iodine. — Antimony, tar- f Starch and water, astringent infu- 
tar emetic. \ sions. Strong tea. 

Mercury and its salts. Whites of eggs, milk, mucilages. 
Opium. — Morphine, f 

laudanum, paregoric, I Strong coffee, hot bath. Keep 
soothing powders or ] awake and moving at any cost, 
syrups. I 


CYANIDE POISONING 

It is recommended that boxes labeled “Antidotes for Cya- 
nide/’ with directions for use affixed to the lids of the boxes, 
should be kept in prominent and easily accessible parts of the 
cyanide plants. Each box should contain: a spoon and a 
metal receptacle to hold about 1 pt.; one blue hermetically 
sealed vial containing 30 cc. of 33 per cent, solution of ferrous 
sulphate; a white vial containing 30 cc. of 5 per cent, caustic- 
potash solution; and one package, 30 grains, of oxide of magne- 
sium (light). The directions for the use of the antidote should 
be as follows. 

Preparation of Antidote. — Quickly empty the contents of the 
blue vial, of the white vial, and of the magnesia package into 
the metal receptacle, and star well with the spoon. This should 
be done as rapidly as possible, as the patient’s chance of life 
depends on promptness. 

Administration of the Antidote. — If the patient is conscious, 
make him swallow the mixture at once and lie down for a few 
minutes. If the patient is not conscious, place him on his back 
and pour the mixture down his throat in small quantities, if 
necessary pinching his nose in' order to make him swallow. 

Incite Vomiting. — After the antidote has been given, try to 
make the patient vomit by tickling the back of the throat with 
a feather or with the fingers, or giving a tumberful of warm 
water and mustard. 

Then call the undertaker. 

For cyanide eczema use eaual parts by weight of calomel and 
bismuth subnitrate and apply locally. It will give immediate 
relief and will dry up the sores in 2 or 3 days. • 

Other prescriptions are as follows: 

Add 3 oz. of camphor to 1 pt. of olive oil and dissolve by slow 
heat. This mixture occasions some paifi when first applied 
but will soon afford relief. • 
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In mild cases tiie following will be beneficial: zinc oxide Yi oz,, 
zinc carbonate 30 grains, glycerin ^ oz. f lime water to make 

I<br sores which do not heal use: pure lard 5 oz., olive oil 
5 oz., white wax 2% oz., spermaceti 2 x /i oz., powdered gum 
benzoin 12 oz. 

For selenium poisoning under the fingernails, brush the ends 
of the fingers with 5 per cent, cocaine solution. 

FIRST AID FOR GAS ASPHYXIATION OR ELECTRIC 
SHOCK 

The U. S. Bureau of Mines recommends the following 
procedure in rendering first aid to those in need of artificial 
respiration. 

The recommendations apply not only to men who are over- 
come by electric shock or gases in mines, but also to persons 
suffering from the effects of illuminating-gas poisoning or from 
electric shock anywhere. The recommendations are, therefore, 
of importance to many thousands of workmen: 

In case of gas poisoning, remove victim at once from the 
gaseous atmosphere. Carry him quickly to fresh air and im medi- 
ately give manual artificial respiration. Do not stop to loosen 
clothing. Every moment of delay is serious. 

In case of electric shock, break electric current instantly. 
Free the patient from the current with a single quick motion, 
using any dry non-conductor, such as a newspaper, clothing, 
rope, or board, to move patient or wire. Beware of using any 
metal or moist material. Meantime have every effort made 
to shut off current. 

Attend instantly to the victim’s breathing. If the victim is 
not breathing, he should be given manual artificial respiration 
at once. If the patient is breathing slowly and regularly do 
not give artificial respiration, but let nature restore breathing 
unaided. 

If patient is unconscious, even if he appears dead, lay him 
on his belly with arms extended forward, turn his face to one 
side, remove false teeth, tobacco, etc., from his mouth and draw 
his tongue forward. This is important, the tongue must be 
brought forward and held forward. 

Kneel, straddling patient’s thighs, facing his head, and resting 
your hands on his lowest ribs. Swing forward and gradually 
bring weight of your body upon your hands and thus upon 

E atient’s back, then immediately remove pressure by swinging 
ackward., Repeat this movement about twelve times per 
minute without interruption for hours if necessary, until 
breathing has been started and maintained (see illustrations). 
One’s ov'n rate of breathing may be used as a guide to the 
rapidity of this movement. Artificial respiration should be a 
trifle slower rather than faster than natural breathing. H 
natural respiration stops after having once been started, begin 
again with artificial respiration instantly. 
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In gas cases, give oxygen.. If the patient has been a victim of 
gas, give him pure oxygen, with manual artificial respiration. 
The oxygen may be given through a breathing bag from a 
cylinder having a reducing valve, with connecting tubes and 
face mask, and with an inspiratory and an expiratory valve, 
of which the latter communicates directly with the atmosphere. 

No mechanical artificial resuscitating device should be used 
unless one operated by hand that has no suction effect on the 
lungs. Use the Schaefer or prone pressure method of artificial 
respiration. Begin at once. A moment’s delay is serious. 



Inspiration; pressure off. 



Expiration; pressure on. 


Do not give the patient any liquid until he is fully conscious. 
Give him fresh air, but keep his body warm. Send for the 
nearest doctor as soon as accident is discovered, advising him 
what has happened so that he will come prepared. If available, 
and one has been properly instructed in its use, a hypodermic 
injection of strychnin or amyl nitrite is good, but these should 
never be given by anyone untrained in their application. 

Nitrous Acid Poisoning. — It seems certain that brief exposure 
to small quantities of nitrous fumes is sufficient to produce 
serious and fatal poisoning. Air containing enough nitrous 
fumes to cause a feeling or irritation in the nose or air passages 
is certainly very dangerous. 

The symptoms of poisoning are characteristic, according to 
Dr. L. G. Irvine (Med. Journal of South Africa , Sept., 1915). 
At the moment of exposure they are slight. There is a sense 
of irritation in the nose and throat, ar^d of constriction, and 
perhaps of pain, in the chest. There is headache, smarting of ' 
the eyes and coughing. The latter is a characteristic sign. 
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But these immediate irritant effects may not be severe, and 
commonly pass off altogether in a short time. The man may 
feel quite well and may continue to work. He leaves the mine, 
has his supper perhaps, and goes to his room. Then, in from 
perhaps four to eight hours afterwards (very rarely later), acute 
symptoms suddenly come on, and progress with alarming 
rapidity. In a typical severe case there is marked and increas- 
ing distress in breathing, with coughing, and often severe pain 
in the chest. The cough is at first dry, and auscultation may 
at this stage reveal no moist sounds. But this condition is 
speedily followed by the expectoration of a copious frothy 
rather fluid blood-stained spit. The lungs become waterlogged, 
and auscultation now reveals copious moist sounds. There is 
cyanosis and marked dyspnoea' and distress, followed, unless the 
case is promptly treated, and very often in spite of all treatment, 
by collapse, unconsciousness, and death within a few hours. 

The typical sequence of symptoms in nitrous fumes poisoning 
is therefore this: (1) Initial symptoms of irritation occurring at 
the moment of exposure and usually comparatively slight. 
Nitrous fumes never, in our experience of ordinary gassing 
accidents, produce partial or complete unconsciousness at the 
time of exposure, as does carbon monoxide, although they may 
do so if present in massive amounts, and cases of rapid death 
from the concentrated fumes of burning explosives may be 
partly due to this cause. (2) A latent period of several hours 
duration , during which the patient may, and commonly does, 
feel quite well. (3) The sudden onset , after that interval , of 
acuie symptoms , due to a rapidly progressive inflammatory 
cedema of the lungs. The appearance of this well-marked 
symptom-sequence is of great diagnostic significance. 

From what is said, it seems probable that a number of the 
deaths of workers in powder plants scribed to pneumonia are 
really due to nitrous- and nitric-fume poisoning and greater 
care in avoiding these gases should be exercised than is ordi- 
narily used. 

Where it is believed that dangerous exposure to nitrous acid 
fumes has occurred, an emetic seems advisable, copper or zinc 
sulphate being commonly employed, following this by a dose 
of sal- volatile. A hypodermic of apomorphin may be given to 
produce the same effect, but this should be given by a physician 
and either preceded or followed by an injection of strychnin or 
pituitrin. 

Antidote for Chlorine and Fluorine. — According to Leon G. 
Hall the persistent soreness and congestion of the throat and 
lungs that follows exposure to chlorine or to fluorine is easily 
preventable. A treatment that the writer has used success- 
fully several times consists in breathing steam containing 
the vapor* of benzoin. To be most effective, this should be 
done as soon as possible after exposure. 

The writer’s practice is to heat water in an open pan over a 
gas pjate. When the water has begun to boil 6 to 10 drops 
of tincture of benzoin are added. While the liquid is kept 
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boiling the vapors are deeply inhaled for 6 to 10 minutes. 
Little inconvenience has followed prolonged breathing of as 
heavy concentrations of these gases as can be repeatedly taken 
into the lungs, when exposure has been followed by the treat- 
ment outlined. 

First Aid Treatment for CO Poisoning. — 1. Administer 
oxygen as quickly as possible and in as pure a form as is obtain- 
able, preferably from a cylinder of oxygen through an inhalator 
mask. 

2. Remove from atmosphere containing CO. 

3. If brekthing is feeble, at once start artificial respiration 
by the prone pressure method. 

4. Keep the victim flat, quiet and warm. 

5. Afterward give plenty of rest. 

Chemical Burns.— The Aetna Life Insurance Company 
points out a number of the treatments that it recommends 
for immediate application in the case of various chemical bums. 
The burns are classified according to acid or alkali source, 
the former including burns from nitric, sulphuric, muriatic, 
acetic, oxalic, hydrofluoric, picric, carbolic, and chromic acids. 
The latter are represented by caustic soda and potash, lime, 
ammonia, and soda ash. 

It is suggested that it is always desirable to determine first 
whether a burn is acid or alkaline. Litmus paper, wet in water 
should be used. In either case, then, the burn should be well 
flushed with water after which it is to be neutralized, in case of 
acid, with 10 per cent, soda solution, and iti case of alkali, 
with weak vinegar (or 2 per cent, acetic acid). The bathing 
of the spot with the neutralizing solution should continue for 
some minutes. The dressing to be used after neutralization is 
identical with that for ordinary burns. 

In certain cases, special treatment is recommended. Chro- 
mium burns require immediate treatment with sodium hypo- 
sulphite solution. Phenol bums should be washed freely with 
clean water after which alcohol is applied. Prussic acid burns 
should be bathed freely in hydrogen peroxide after a thorough 
water flushing. 

Diazo -compound Poisoning. — The symptoms are an itching 
rash, with watery blisters in.the second stage. Oily and greasy 
salves aggravate the complaint. Powdered boric acid prevents 
the spread of the blisters to a large extent. Rubbing the skin 
before beginning work with a mixture of equal parts of boric 
acid and talc seems effective. 

Extinguishing Carbon Bisulphide Fires. — Carbon bisulphide 
is probably the most hazardous liquid used in manufacturing 
processes today. It can be ignited when at temperatures as 
low as 20°F., and when heated to only 300°F. it ignites itself. 
A fire once started is very difficult to control, the ordinary 
methods of extinguishing being practically worthless and the 
choking fumes of sulphur dioxide given off making approach 
difficult unless there is ample ventilation. Furthermore, ' 
the vapors of carbon bisulphide are explosive, so that an addi- 
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tional serious hazard is present when this liquid is used in a 
confined space. 

Tests to determine the value of various extinguishing agents 
on fires in this material have been made recently by the Factory 
Mutual Laboratories. Practical conditions were approximated 
by igniting carbon bisulphide in open tanks, and attempts 
were made to put out the fires with various extinguishing agents. 

Sawdust and soda mixture, a good extinguisher for fires in 
most hazardous liquids, was found to be ineffective until enough 
of the material had been added to absorb all the liquid. Even 
then vapors continued to pass through a blanket of sawdust 
and burn. 

Carbon tetrachloride did not extinguish the fire even after a 
quantity equal to the amount of carbon bisulphide had been 
added. In view of the large amount of carbon tetrachloride 
which would be required, it is not considered a suitable extin- 
guishing agent, except in enclosed spaces, where the inert 
atmosphere produced can be maintained. 

Foam had little cooling effect, and although it greatly 
reduced the severity of the fire for a time, it could not be 
depended upon as a positive extinguishing agent, because vapors 
of carbon bisulphide penetrated the foam blanket and continued 
to burn at the surface. 

Water from automatic sprinklers or from hose streams 
is ineffective because of the splashing which takes place. 
This increases the intensity of the fire and may force the burn- 
ing liquid over the sides of the tank and so spread it over a 
large area. 

The most effective method was found to be by the use of 
water allowed to flow quietly into the burning material from a 
low pressure hose stream, or admitted to the liquid at moder- 
ately low pressures through a perforated pipe below the surface. 
The important thing is to apply the water, which is lighter than 
carbon bisulphide and does not mix with it, so that no splashing 
occurs. The water collects on the surface and extinguishes by a 
blanketing rather than a cooling action, although the cooling 
action is probably sufficient to lower the temperature below 
its boiling point. 

It is apparent that carbon bisulphide should be used inside 
main buildings only when absolutely necessary, and then only 
in small quantities. Processes involving its use should be 
located in outside detached buildings. Open tanks of the 
liquid should be equipped with perforated pipes at the bottom, 
with feed pipes of a diameter small enough so that the water 
will be delivered at low pressure and will not break the surface 
of the liquid! The controlling valve should be located in an 
easily accessible location some distance from the tank. 
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hunts of 443 

oxygen required for 535 

temperatures 535 

Common names of chemicals . 379 
Compounds, chemical and com- 
mon names of 379 

properties of inorganic .... 262 

Compressibility 234 

Compressive strength of materi- 
als 602, 603 

Compressor formulas . . . 592-597 
Concentrates, roasting . . . 685 

Concentration, machinery used 

in. . . . . . 468 

specific gravities, minerals, 210 
Concentrator, canvas table data, 489 
power requirements . 481, 482 
vanner data 484-488 

water requirements 483-490 
Condensation of dust and fume, 780 
Conductivity, electric, of alloys, 176 
annealed copper stand- 
ard. . 194 

copper- wire table ... 196 

« of dielectrics . . 180, 181, 194 

of electrolytes , . . 182-192 

at high temperature . ... 178 

of metallic oxides 192 

of metals 176, 178 

of molten metals 179 

of ore-forming materials . 193 

of oxides ... 192 

of refractories 177, 562 

relation to heat conduc- 
tivity 175 

wires, miscellaneous, 

176, 196, 198, 200 
heat, general tables, 103-166, 173 

of refractories 560-564 

relation to electric 175 

Concl 661 

Cones, Callow, data on 473 
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Cones, Seger 565 

Conkling magnetic separator. . 460 

Conservation of energy 286 

of matter .... 286 

Constantan f composition *of, 

630, 061 

resistance of 198 

Construction, general notes .... 598 
Construction, unit strains. . . . 598 

Consumption statistics, of cop- 
per 67 

of lead 61 

of zinc 63 

Converting, description .... 009 

at Great Falls 725 

iron-converting data, 

800, 801, 802 
temperatures of . . 717, 718 

Conveyer capacity 570 

Cooling mixtures 161 

Copper, alloys of, 614-654, 661, 671 
annealed copper standard, 194 
blast furnaees . ... 719, 720 
cadmium alloy . 661 

casting copper analysis 760 

compounds of 267 

consumption statistics . . 67 

conductivity 177 

converting 725 

corrosion-resisting alloys 679 

cupola refining 756 

detection. ... .. 324,334 

determination of . 425, 430 

electrolytic refining, see 
Electrolytic refining 
electroplating bath . . 365, 366 

fusing currents for . . . 199 

ravimetric factors 415 

ardened 661 

high tensile alloy 661, 671 

impurities in. . . . 177, 682, 683 

leaching 739 

losses in slag 702 

manganese alloys * 661 

prices, average 54, 65 

production statistics 66 

properties 308 

refining capacity . . 67,76 

refining, current loss . 757 

reverberatory refining 756 

smelting capacity of the 

US 74 

wire res'stances . 177, 194, 196 

works construction cost 599 

Corona 200, 201 

Corning tabic. . . 468 

Corrosion, protection against 677 

Corrosion resisting alloys 670, 679 

Corrosion by sea water. . 675 

Corrosiron .... . . 630, 670 

Cesines, table of . . . 44 

Coslettizing . . 609 

Costs, construction 599 

flotation 512 

milling 497, 498 

of metallurgical construc- 
tion . . . 599 

Cotangents, table of 46 

Cottrell process. ... ... 782 


Cowper-CowlA iron-refining 

process 776 

Crilley flotation patent 504 

Critical density of metals and 

oxides 680 

Critical pressures of gascB ... 215 
Critical temperatures, of gases, 215 

of metals 282 

Cross sills, size of 459 

Crosses (pipe fittings) 575-577 

Crucible charges for assays. . . . 390 

Crucibles, graphite 398 

highly refractory .... 395-398 

Crushed stone, voids in 442 

Crushing, Chile mill 452, 453 

description of types of ma- 
chinery 431 

general notes on 431 

gyratories 442 

Ilardinge mill . 434, 454, 456 

rolls .444 

slow-speed Chilean 452 

stampmilling 456-462 

tubenulling 450, 451 

Crushing strength of brick .... 559 

Cryohydrates . . 161 

Crystals, single, of metals 230 

Crystolon, properties of 551 

Cube roots, table of 32 

Cubes, table of 32 

Cupel absorption . . ... 393 

Cupellation 393-395 

Cupola, copper, elimination of 

impurities 756 

iron, charges for 804 

Current losses, copper refining, 757 
Curvature of wire ropes over 

pulleys ... . . 583 

Cyanates, heat of formation of, 348 
Cyanidation, Dorr thickener 

data 526 

general notes 519-530 

machinery for 472 

pulp constants 520 

slime coagulants. . . . . . . 521 

specific gravity of solutions, 521 

tank capacities 522 

Cyanide eczema, cure 823 

heat of formation of 348 

Cyanide, plant, coBt of 599 

precipitation. 788 

Cyanogen, gravimetric factors, 416 

generation of 217 

Cylinders, capacity of . . . . 522, 529 

D 

Dalton’s law • • ■ • 

Darcet’s metal, composition of, 631 
De Bavay flotation process . . . 505 
Decomposition temperatures of 

carbonates 361 

of sulphates 357 

of sulphides 9 361 

voltages 363, 372 

Definite proportions, law of . 286 
Dehnc filter press .... . . 473 

Dehydration temperatures of 

sulphates • • 357 

Deister table 469 
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Density of alkaline solutions .. . 139 

alcohol 143, 146 

ammonia 138 

Baum6 124-129 

critical, of metals and 

oxides 680 

gangues 213 

gaseB 214 

hydrochloric acid 134 

hydrofluosilicic acid 139 

liquids (general) 203 

mercury 208 

metals 206, 207 

minerals 210-213 

nitric acid 135 

ores 209, 210 

refractories 562 

saline solutions 139-146 

salts 262-279 

solids 203 

sulphuric acid 126 

units of . 203 

water, various tempera- 
tures 208 

Deposition by immersion 374 

(See also Electroplating ) 
Depreciation, formulas for 18, 25 

tables 20 

Desulphatization, temperature 

of 695 

Dew point 88 

Diazo compound poisoning 827 

Diehl process, description of 609 

Dielectrics, resistivity of, 

180, 181, 194 
Differential calculus . 50 

Diffusion of gases, law of. . 286 
Diffusivity of heat .... . . 569 

Dilution, heats of 362 

Dinas brick, properties of . . . . 551 

Ding’s magnetic separator 469 

Dips, copper and brass. . 375 

Discharge, electric 200, 202 

Disintegration, chart for radio- 

elements 294 

Disk crusher. 435 

crushing with 443 

Dissociation temperatures of 
compounds, 357, 361, 

695, G96 

tensions for sulphates 695 

Distillation products of coal tar, 543 

Dodds buddle 469 

Dodge crusher 432 

pulverizer.. 432 

Dolomite, properties of 551 

Dorr agitator 473 

classifier 474, 479, 481 

thickener data 526 

Dfttsch process 604 

Drawing, definition of 403 

Drop of stamps 456 

Dry measure, tables 8, 9 

Ductility o£ metals ... . 233 

Dulong and Petit, law of. . . . 286 

Dumoulin process, description 

of . 609 

Dural oy .661 

Duralumin, composition of, 

632, 661 


Durimet 661 

Du-iron, composition of. . 632, 670 

insoluble anodes from 761 

Durox, refractory 552 

Dust condensation 780 

inflammability 538 

Thiessen washer for 805 

Dwight-Lloyd roaster, work of, 

687, 689 

E 

Eczema, cyanide, cures for .... 823 

Edge runner 432 

Elastic constants of solids, 234, 601 
Elbows, standards for . . . 573-578 

Electric shock, first aid in 824 

Electric smelting, of iron 808 

of steel 810 

of tin 752 

Electrical units, C. G S . . . . 10, 1 1 

practical 11, 12, 78 

Electricity, fundamental laws of, 78 
Electrochemical equivalents, 

302, 303 

power consumption 811 

Benes of the elements. ... 371 
Electrolysis, cleaning metals by, 374 
decomposition voltages, 

363, 372 

etching by 408 

oxidation by 369 

precipitation by 430 

Electrolytes, analyses of copper, 

759, 760 

density of saline .... 139, 144 

resistance of 182-192, 762 

specific gravity of saline, 

139, 144 

starting-sheet 758 

Elect-olytic etching 408 

Electrolytic refining, aluminum, 765 

antimony 766 

° beryllium 766 

bismuth 766 

cadmium 766 

calcium 766 

cerium 766 

chromium 766 

converter anodes 758 

copper. . . . 757-763, 767 

current losses 757 

electrolytes 182-192 

elimination of impurities, 759 
flow sheet, copper . . . . 757 

gold 767 

insoluble-anode tanks .. . 759 

iron 366, 767, 776 

lead 737, 767 

lithium 767 

magnesium 767 

potassium 768 

Bilver 768 

sodium 768 

starting-sheet electrolyte, 758 

strontium 768 

tin 768 

uranium 769 

zinc 769 

Electrolytic white lead 738 
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Electromagnetic separation, 283, 284 
Electromotive force, of batteries, J23 
of metals m solution, 

364, 372, 373 
of thermoelectric couples, 202 
Electron, properties of . . . . 85, 287 

Electroplating baths 365-369 

Electrostatic fume precipitation, 782 

separation . 193 

_ f units * . . 10-12, 78, 84 

Elements, atomic weight. . . 302 

boiling points . . 302 

electrochemical e q u i v a - 

lents 302 

melting points 302 

periodic table 288 

specific heats 244, 246 

symbols 302 

valence 302 

Elianitc 662, 670 

Elinvar 662 

Elmore flotation process . . . 504, 505 

Elongation 602 

Eisner's equation 529 

Emanation, radium 344 

Emissivity of heat 80 

End-bump tables 469 

Endurance limit, metals 224 

Enduro metal 662 

Energy, units of 12 

Erbium, compounds of 268 

detection of 324 

Erichsen test 80 

Esperanza classifier 474 

Estelle process 609 

Etching, reagents for 405 

. Ethane, generation of 217 

Ethers, definition . 819 

Ethylene, generation of 217 

Etnylene bromide, boiling point, 148 

Eustis process . 609 

Evaporation, latent heat of . 241 

Evaporative power, liquid fuels, 532 

Everbrite metal • 662 

Everdur metal 662 

Everson flotation patent . . . 504 

Expansion, coefficients of, 

238, 239, 602 

Explosive limits, dusts 640 

Eye injuries, treatment of 632 

F 


Factors, gravimetric 414 

Fahrenheit temperature scale . . 3 

Failure of metals 224 

Falling body, laws of 77 

Faraday scale of permeability. 281 

Fatigue limit, metals 224 

Ferraris table. . 469 

Ferric oxide, specific heat . . . 245 

Ferrite, definition of 311 

formation of zinc 690 

Ferro-alloys 662, 660 

Fcrrochrome manufacture. . . . 810 
Ferrocyanidcs, heat of forma- 
tion of 355 

Ferromanganese 662 

Ferrosilicon, properties of, 310, 311 
Fibrox, properties of 552 


Film-sizing tdbles 470 

Filter p&per, toughening 385 

Filter press 473, 474 

Filters 473 , 474 

Fine ores, roasting and smelting, 685 
Firebrick, circles turned with. . 547 

melting points 555 

shapes of 547 

in walls of given size 548 

Fireclay, analyses 651 

heat conductivity 562 

properties of. . . . 549 el aeg. 

(See also Refractories ) 

Firefrax, refractory 552 

First aid, accidents 820 

asphyxiation 824 

chlorine poisoning 826 

cyanide poisoning 823 

electric shook 824 

fluorine poisoning 826 

poisoning 822, 823 

selenium poisoning 824 

Flames, residual atmosphere 

from ... . . 544 

Flanges, standards for . . . 573-578 

Flotation 504-518 

Flow of gas in pipes. . 589-591 

of heat 166 

of water in launders . 491-494 
of water in pipes. . 586-591 

Flue dust, anode reverberatory, 

analyses 760 

copper refinery, analyses, 760 

recovery 780 

wire-bar reverberatory, 

analyses 760 

Fluids, flow in pipes 690 

Fluorides, heat of formation. . . 353 

specific heatB of 249 

Fluorine, antidote for 826 

gravimetric factors 416 

properties 308 

Fluorspar in slags 699 

Fluxes, assay 389-392 

for soldering and welding. . 681 

Force, units of 10 , 1 1 

Foreign measures 13 

money 15 

weights 13 

Formation, heats of . ... 344-355 

temperatures of slags, 

097-705, 712 

Foundations, allowable pressure 

on 598 

France screen 474 

Freezing mixtures 161 

points, see “ Melting.” 

Fremont teBt 81 

Froment flotation patents 504 

Froth, breaking up 510 

Frue vanner 470 

Fuel oil, calorific power, 532-530, 540 

Fuels, analyses of 536, 541 

calorific-power formulas, 

532-536, 540 
combustion temperatures, 532 
for ^Dwight-Lloyd roaster, 689 

gas analyses 536/ 

general subject m . 532 

kindling temperatures • . . . 542 
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Fuels, liquid A . . . 532, 540 

oil analyses 532, 540 

oxygen required for com- 
bustion 535 

Fuller-Lehigh pulverizer 432 

Fume, composition of zinc 735 

condensation 780 

Fuming zinc from lead slags . . 737 

Functions, trigonometric 28 

values of 31 

Furnace products, miscellane- 
ous, analyses . 714—716 

Furnaces, copper blast, typical, 719 

electric iron 808, 810 

gases from 721, 731 

jacket water required . , . 721 

miscellaneous products, 

714-716 

Fusible metal 633 

Fusing currents for copper wire, 199 

other materials 199 

Fusion, latent heats of, 

242, 253, 254 
total heats of . . . . 253, 254 

(Sec also Melting points.) 


G 


Gages, shect-metal 655,684 

wire . 055 

Gallium, compounds of 269 

detection of 324 

properties .... ... 308 

Gangues, specific gravity of ... 213 

Canister, properties of 552 

Gardner crusher 432 

Gas cleaning 805 

constant 86 

fuels, analyses of 536 

inflammability limits . ... 544 
kindling temperatures. . , 542 
residual atmosphere from, 544 
Gas retorts, brick for . 559 

Gases, adiabatic expansion of . 77 

blast furnace. . 721, 731 

Boyle’s law 77,215 

converter , 726 

critical temperatures and 

pressures... .215 

densities of . . . 214 

flow of, in pipes. . . . 589, 590 

generation of 217 

lethal amounts of 223 

molecular weight of 214 

piping for 588 

solubility of, in water 260 

specific gravity 214 

specific heats of 253, 537 

toxic. ... v 219 

from zinc r.etorts 734 

Gates convas table 470 

Gauze, mesh of 466 

Gay-LuBsad, law of 286 

Genelite .... 664 

Geometry, analytic. . . 48 

German silver, composition of, 633 

wire resistances. . . . 176, 198 

Germpnium, compounds of . . . 269 
detection of 324 


Germanium, extraction of 308 

Gilpin County table 469 

Glucinum, detection of 325 

properties (see Beryllium) . 305 

Glue, work with 607 

Gold, alloys of 635 

compounds of 264 

detection of 325 

determination of, in plati- 
num 330, 430 

electrolytic production of . 766 

electroplating bath 366 

gravimetric factors 416 

production statistics 68 

proof, preparation of 387 

properties of 309 

Bolaers for 636 

value of ounce of 15 

Golden Gate concentrator 469 

Goyder flotation process . . 505 

Graphite crucibles, analyses of, 398 

Grate area for coal 545 

Gravimetric factors 414 

Gravity, barometer correction 

for 123 

Greek alphabet 3 

Griffin mill 433 

Grinding in Chile mills. . . 452, 453 

in grinding pans 451 

in Hardinge null . . . 434, 454 

in tube mill 450, 451 

Grondal separator 470 

Guillory test 81 

Gun metal, composition of . . . . 636 

Gutzkow's process, description 

of. ... 609 

Gyratory crusher, breaking 

with . 442 

description ... 433 

II 

Hafnium, properties of . . . 310 

Hagiund process . . 764 

Hall process for aluminum .... 764 

of sulphur recovery 784 

Ilallett table .... ... 470 

Hammer mill. 433 

Hancock jig . . 470 

Ilardinge mill, description of . . 433 
grinding in . 434, 454 

Hardness, Bottone’s scale. 241 

Brinncll numbers . . . . 241 

cold working and 230 

of metals . . . 235, 240 

of minerals. . 210, 240 

Moll’s scale . . . 239 

test ... 79 

Harmonic motion, equation of, 77 

Harris process .... . 609 

Harz jig 470, 477 

Hascrome 664 

Hastelloy 664 

Hayden process, description of, 610 

Heap-roasting 694 

Heat, conductivity, general 

tables . . 163 -166, 560-564 

laws of 166, 171 

diffusivity 569 

of dilution... . 362 
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Heat, emissivity 569 

etching by 409 

of formation 344-356 

latent heat of evaporation, 241 

of fusion 242 

loss in gas mains 800 

loss by radiation . . . 568, 569 

of solution 357 

specific heats. . . . 243-252, 537 

total, of fusion 253, 254 

in slags 713 

treatment of aluminum. 764 
treatment definitions. . 796 

units, definition of. ... 3,4 

Helium, properties 310 

Heusler alloys. . . . 637, 644, 664 

High speed alloys 665 

High temperatures, resistivities 

at 177, 178 

tensile strength at 230 

Hitches, in ropes. . . . . 581 

Homologous series .. .. 812 

Hopfner process, description of, 610 
II orwood flotation process. . 505 

Huff separator . . .. .. 470 

Humidity tables 87 

Hunt filter .474 

Hunt’s process, description of 610 
Hunt and Douglas process, de- 

’ scription of. .... 610 
Huntington-ITeberlein roaster, 

work of 690 

Huntington mill. 433 

Hyde flotation process. . 505 

Hydraulic bronze, composition, 

638, 665 

' Hydrides, heat of formation 348 
Hydrocarbons, chemistry of. 812 
heat of formation of 356 

Hydrochloric acid, boiling point, 149 

density of 134 

generation of ... 218 

resistivity of. . #182 

Hydrocyanic acid, generation of, 218 
Ilydrofluosilicic acid, specific 

gravity of solutions 139 
Hydrogen, generation of . . . 217 

gravimetric factors. . . . 416 

ion concentration 382 

overvoltage. .... 370 

phosphide, generation of 218 

reduction by 361 

sclenide, generation of 218 
sulphide, generation of 218 
tclluride, generation of. 218 
Hydrometers, Baum6 table, 125, 126 

constants for 124 

Hydrotator classifier 474 

Hydroxides, heat of formation 

of 347 

Hygrometric tables 87 

HysteriBis, magnetic 281 

mechanical 82 

Hytempite cement 552 


Ignition temperatures, gaseous 

mixtures 544 

metallic sulphides. . . . 694 


Imlay concentrator 469 

Immersion, deposition of metalB 

by 874 . 

M. M Bcreen sizes 467 

mpact screen 474 

mpact tests ^ 81 

mpenal screen : , 474 

nca bronzes * f , 666 

n candescence, temper atuimgrof, 

in roasting 694 

ncendiary bombs 224 

_ndieators 383 

Indium, detection of 325 

Inductive heating ... . . 811 

Inflammability limits of dusts . 588 

of gases 544 

Infrax, refractory 552 

Ingot-mould capacity. .... . . 607 

Inhibitors 808 

Injuries, treatment of 032 

Inorganic compounds, proper- 
ties of 261 

Insuluminum 666 

Integral calculus 51 

Interest, formulas for. . . . 18, 23 

tablets 20 

Invar . . 666 

Iodic acid, heat of formation . . 352 
Iodides, heat of formation. . 354 

specific heats of 249 

Iodine, gravimetric factors. . . . 416 

properties 310 

Ionium, properties of 342 

Indium, detection of 325 

ore treatment 771 

properties of . . 310 

Iron, alloys. . 662, 066, 668 

blast-furnace balance sheet, 

803, 804 

practice 782, 791 

briquetting 789 

carbon, compounds with. . 311 

compounds of 268, 796 

converting data 800- 802 

cupola charges 804 

definitions 796 

detection of 325, 335 

determination of . . . . 422, 430 
electric-furnace types, 808, 810 
electrolytic production of, 

306, 767, 776 
electroplating baths. . 366 

fcrrochromo manufacture, 810 
ravimetric factors 416 

eat content of iron .... 798 
magnetic properties . . . . 281 

Mon ell process 801 

nickel alloys 666 

ore, see Iron ore. 

permeability 281 

prices . 53 

production statistics . 71 

properties of . . . f . . . . 310 

pure iron defined 683 

in slags 697 

stainless 600 

Thiessen washer 805 

works, cost of V 599 

Ironac 670 



